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PREFACE 


The  International  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  those  who  are  not  students  of  the 
Schools.  As  the  volumes  composing  this  Library  are  all 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries  above  mentioned,  a  few  words  are  necessary 
regarding  the  scope  and  purpose  of  the  instruction  imparted 
to  the  students  of — and  the  class  of  students  taught  by — 
these  Schools,  in  order  to  afford  a  clear  understanding  of 
their  salient  and  unique  features. 

The  only  requirement  for  admission  to  any  of  the  courses 
offered  by  the  International  Correspondence  Schools,  is  that 
the  applicant  shall  be  able  to  read  the  English  language  and 
to  write  it  sufficiently  well  to  make  his  written  answers  to 
the  questions  asked  him  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textbooks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception,  busily  engaged  in  some  vocation, 
and  can  spJare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice,  so 
that  the  student  may  be  enabled  to  exchange  his  present 
vocation  for  a  more  congenial  one,  or  to  rise  to  a  higher  level 
in  the  one  he  now  pursues.  Furthermore,  he  wishes  to 
obtain  a  good  working  knowledge  of  the  subjects  treated  in 
the  shortest  time  and  in  the  most  direct  manner  possible. 
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In  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  mensu- 
ration, and  in  no  case  is  any  greater  knowledge  of  mathe- 
matics needed  than  the  simplest  elementary  principles  of 
algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic  table. 
To  effect  this  result,  derivations  of  rules  and  formulas  are 
omitted,  but  thorough  and  complete  instructions  are  given 
regarding  how,  when,  and  under  what  circumstances  any 
particular  rule,  formula,  or  process  should  be  applied ;  and 
whenever  possible  one  or  more  examples,  such  as  would  be 
likely  to  arise  in  actual  practice — together  with  their  solu- 
tions— are  given  to  illustrate  and  'explain  its  application. 

In  preparing  these  textbooks,  it  has  been  our  constant 
endeavor  to  view  the  matter  from  the  student's  standpoint, 
and  to  try  and  anticipate  everything  that  would  cause  him 
trouble.  The  utmost  pains  have  been  taken  to  avoid  and 
correct  any  and  all  ambiguous  expressions — both  those  due 
to  faulty  rhetoric  and  those  due  to  insufficiency  of  statement 
or  explanation.  As  the  best  way  to  make  a  statement, 
explanation,  or  description  clear  is  to  give  a  picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the  maxi- 
mum of  information  in  a  minimum  space,  but  this  infor- 
mation is  so  ingeniously  arranged  and  correlated,  and  the 
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indexes  are  so  full  and  complete,  that  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  select  the  proper  for- 
mula, method,  or  process  and  in  teaching  him  how  and 
when  it  should  be  used. 

This  volume  treats  of  storage  batteries,  incandescent  and 
arc  lighting,  interior  wiring,  modern  electric-lighting  devices, 
electric  signs,  and  electric  heating.  The  standard  types  of 
storage  batteries  are  freely  illustrated  and  described,  and 
very  complete  directions  are  given  for  the  proper  care  of 
storage  batteries.  Open-arc  lamps,  enclosed-arc  lamps, 
recent  types  of  flaming-arc  lamps,  incandescent  lamps  with 
filaments  of  carbon,  tantalum,  osmium,  and  tungsten,  Nernst 
lamps,  mercury-vapor  lamps,  and  Moore  lighting  tubes  are 
treated  in  great  detail.  The  descriptions,  connecting  dia- 
grams, and  light-distribution  curves  of  these  devices  will  be 
found  especially  valuable.  In  presenting  the  subject  of 
interior  wiring,  the  object  has  been  to  show  how  such  work 
should  be  done  in  order  to  be  safe  and  in  accord  with  the 
latest  requirements  of  the  Underwriters.  The  sections  on 
electric  signs  and  electric  heating  contain  explanations  of 
recent  devices  employed  in  these  rapidly  growing  branches 
of  the  electrical  industry. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc.  is 
such  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  parts,  is  complete  in  itself;  hence,  in  order 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a  number.  This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite  the  page  number; 
and  to  distinguish  it  from  the  page  number  it  is  preceded  by 
the  printer's  section  mark  (§).  Consequently,  a  reference 
such  as  §  16,  page  26,  will  be  readily  found  by  looking  along 
the  inside  edges  of  the  headlines  until  §  16  is  found,  and 
then  through  §  16  until  page  26  is  found. 
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STORAGE  BATTERIES 


GENERAL  DESCRIPTION 

1.  A  storage  battery,  secondary  battery,  or  accu-  - 
mulator,  as  it  is  variously  called,  is  an  apparatus  consisting 
of  certain  materials  so  arranged  that  when  they  have  under- 
gone chemical  action,  due  to  the  influence  of  a  current  of 
electricity,  the  combination  has  acquired  the  properties  of  a 
primary  cell  and  is  enabled  to  discharge  into  a  closed  circuit 
approximately  the  same  quantity  of  electricity  as  the  original 
charge.  Strictly  speaking,  a  storage  battery  is  a  group  of 
individual  cells  connected  together,  but  the  term  battery  is 
often  used  when  a  single  cell  is  meant. 

Many  forms  of  primary  cell  may,  when  exhausted,  be  more 
or  less  regenerated  by  passing  through  them,  in  the  opposite 
direction  to  the  current  they  produce,  a  current  from  some 
external  source.  It  is  customary,  however,  to  consider  as 
accumulators  only  those  cells  whose  original  construction  is 
similar  to  an  exhausted  battery;  that  is,  they  cannot  be  used 
as  sources  of  electricity  until  thfey  have  been  charged  by 
passing  a  current  through  them. 

Much  confusion  exists  in  the  use  of  the  terms  positive  and 
negative  when  speaking  of  the  plates  of  a  secondary  cell,  for 
in  charging  the  cell  the  current  is  in  the  reverse  direction  to 
that  which  flows  when  the  cell  is  acting  as  a  primary  cell  and 
discharging;  it  is  customary,  however,  to  speak  of  the  plate 
at  which  the  current  enters  the  cell  (while  charging)  as  the 
positive  plate.  In  fact,  whether  charging  or  discharging,  this 
plate  is  at  a  higher  potential  than  the  other,  which  justifies 
this  use  of  the  term,  although  with  respect  to  the  chemical 

For  notice  of  copyright,  see  page  immediately  following  the  title  page 
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2  STORAGE  BATTERIES  §27 

actions  in  the  cell  the  positive  and  the  negative  plates  are 
reversed  in  the  two  operations. 

Accumulators  may  be  divided  into  two  general  classes: 
(1)  lead  accumulators^  and  (2)  bimetallic  CLCcumulators;  the 
cells  now  in  use  are  almost  wholly  of  the  first  class. 


liEAD     ACCUMUIiATOBS 


PLANTS    CBLLi 

2.  The  original  lead  accumulatory  as  made  by 
Plants,  consists  of  two  plates  of  lead,  usually  rolled 
together  in  a  spiral  and  separated  by  strips  of  rubber  or 
other  suitable  insulating  material,  placed  in  dilute  sulphuric 
acid.  On  sending  a  current  from  some  external  source 
through  this  cell,  the  water  becomes  decomposed — the 
oxygen  combines  with  the  positive  plate,  forming  lead 
oxide  or  peroxide,  while  the  hydrogen  collects  at  the 
negative  plate. 

On  disconnecting  the  source  of  the  applied  current,  and 
completing  the  external  circuit  of  the  cell,  the  water  is  again 
decomposed — the  oxygen  uniting  with  the  hydrogen  col- 
lected at  the  negative  plate  and  with  the  lead  plate  itself, 
and  the  hydrogen  uniting  with  the  oxygen  of  the  oxide  of 
lead  at  the  positive  plate — thus  producing  a  current  in  the 
opposite  direction  to  the  applied  current. 

Owing  to  the  fact  that  the  formation  of  the  layer  of  oxide 
prevents  further  oxidation,  the  amount  of  chemical  change 
due  to  the  applied  current  is  small,  so  the  secondary  current 
from  the  cell  is  of  short  duration;  after  this  current  has 
ceased,  however,  the  surface  of  the  positive  plate  is  much 
increased,  owing  to  the  removal  of  the  oxygen  from  the  lead 
oxide,  leaving  the  metallic  lead  in  a  spongy  form.  On 
again  sending  a  current  through  the  cell  a  further  oxidation 
of  this  (positive)  plate  takes  place,  and  by  continuing  this 
process,  reversing  the  current  each  time  it  is  sent  through, 
both  positive  and  negative  plates  become  porous  to  a  con- 
siderable depth,  thus  very  much  increasing  the  surface  on 
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which  the  oxidation  can  take  place.  This  process  might  be 
carried  on  until  the  whole  plate  is  reduced  to  spongy  lead;  in 
that  case  the  plate  would  not  hold  together,  so  a  sufi&cient 
amount  of  the  original  plate  must  be  left  for  mechanical 
strength.  After  the  plates  are  so  iormedy  they  are  ready  to 
be  used  as  an  accumulator. 

This  forming  process  is,  however,  too  slow  and  expensive 
for  commercial  use.  Batteries  in  which  the  Plants  type  of 
plate  is  used  are  now  formed  by  special  electrochemical 
methods,  so  that  the  active  material  can  be  produced  in  a  com- 
paratively short  time. 

FAIJRB    CEIili 

3.  Another  method  of  preparing  the  plates  is  to  apply 
the  active  substance  in  the  form  of  a  paste.  This  process 
was  invented  by  Faure.  The  first  charging  current  converts 
the  paste  on  the  positive  plate  into  lead  peroxide,  and  that 
on  the  negative  into  spongy  lead.  The  substance  applied 
may  be  lead  oxide  (litharge)  PhO,  lead  sulphate,  minium 
PbnO^,  lead  peroxide  PbOt,  or  mixtures  of  these  substances. 

The  substances  are  applied  in  various  ways;  one  method 
is  to  make  a  paste  of  Pb„0^  (minium)  with  dilute  sulphuric 
acid  for  the  positive  and  a  similar  paste  with  PbO  (litharge) 
for  the  negative.  The  sulphuric  acid  and  the  litharge  com- 
bine to  form  lead  sulphate  and  water.  On  the  positive  plate 
the  acid  combines  with  Pb^O^  to  form  lead  peroxide,  lead 
sulphate,  and  water.  In  each  case  the  action  is  only  partial, 
the  amount  of  lead  sulphate  and  lead  peroxide  formed 
depending  on  the  strength  of  the  acid  solution.  These  pastes 
were  originally  applied  directly  to  the  surface  of  the  plain 
lead  plate,  but  as  they  proved  to  be  only  slightly  adhesive, 
the  plates  were  prepared  by  scratching  or  otherwise  rough- 
ening the  surface,  which  process  has  been  gradually  extended 
until  the  lead  plates  are  now  cast  into  grids,  or  la*;ticework 
plates,  in  the  spaces  of  which  the  paste  is  applied. 

The  grids  are  usually  designed  to  hold  the  active  material 
securely  in  position;  to  this  end  their  perforations  are  not  of 
the  same  area  throughout  the  thickness  of  the  plate,  but 
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4  STORAGE  BATTERIES  §27 

wider  or  narrower  in  the  center,  so  as  to  hold  the  filling  of 
active  material  by  the  dovetailing  action  of  their  shape. 

After  the  grids  have  been  filled  with  active  material,  they 
are  set  up  in  pairs  in  suitable  vessels  and  surrounded  by  an 
electrolyte  consisting  of  sulphuric  acid  diluted  to  about  1.17 
specific  gravity,  which  density  corresponds  to  about  23  per 
cent,  of  acid  in  the  liquid.  A  charging  current  is  then  sent 
through  the  cell  from  some  external  source;  the  action  of 
this  current  decomposes  the  water,  the  oxygen  of  which 
further  oxidizes  the  lead  oxide  (litharge  or  minium)  to  per- 
oxide, at  the  positive  plate,  the  hydrogen  going  to  the  nega- 
tive plate,  where  it  reduces  the  lead  sulphate  to  spongy  lead 
by  uniting  with  SO^,  forming  sulphuric  acid.  Thus,  the 
active  material  becomes  lead  peroxide  on  the  positive  plate 
and  spongy  lead  on  the  negative.  By  many  investigators 
this  lead  peroxide  is  thought  to  be  hydrated  lead  peroxide; 
that  is,  it  contains  a  certain  amount  of  hydrogen  and  oxygen 
in  excess  of  the  normal  peroxide,  and  is  represented  by  the 
formula  H^Pb^O^,  This,  as  well  as  many  of  the  actions  that 
occur  in  accumulators,  is  not  clearly  established  as  yet. 

Continuing  the  charging  current  when  all  the  active  mate- 
rial is  thus  converted  produces  no  effect,  except  to  further 
decompose  the  water;  the  resulting  gases  pass  off  through 
the  water,  giving  it  a  milky  appearance.  This  phenomenon 
is  known  as  gassing,  or  boiling,  and  is  an  indication  that  the 
cells  are  fully  charged. 

4.  On  discontinuing  the  charging  current  at  the  gassing 
point  and  completing  the  external  circuit  of  the  cell,  a  cur- 
rent will  flow  in  the  opposite  direction  to  that  of  the  charging 
current,  the  resulting  chemical  action  being  to  change  lead 
peroxide  to  lead  sulphate  at  the  positive  plate  and  the  spongy 
lead  to  lead  sulphate  at  the  negative.  The  sulphates  thus 
formed  may  not  be  all  of  the  same  proportions;  one  may 
exist  as  red,  another  as  yellow,  and  a  third  as  white  crystals, 
of  which  the  white  sulphate  is  best  known,  as  it  is  formed 
when  the  cell  is  considerably  discharged,  and  is  extremely 
troublesome.     This   discharge  may  be'  continued  until   all 
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chemical  action  ceases  and  the  E.  M.  P.  consequently  falls 
to  zero;  but  this  is  not  advisable,  since,  if  the  discharge  is 
carried  beyond  a  certain  point,  the  red  or  yellow  sulphates, 
probably  by  combination  with  the  litharge,  PbOy  form  the 
white  insoluble  sulphate;  this,  being  a  non-conductor,  mate- 
rially increases  the  internal  resistance  of  the  cell,  and  when 
removed  usually  carries  some  of  the  active  material  with  it, 
as  it  is  very  adhesive. 

The  exact  nature  of  the  chemical  reactions  taking  place  in 
a  storage  cell  are  not  altogether  understood.  There  are  a 
number  of  more  or  less  complicated  secondary  reactions, 
but  it  is  now  generally  accepted  that  the  main  reaction 
on  charging  is  the  formation  of  lead  peroxide  at  the 
positive  plate  and  spongy  lead  at  the  negative;  on  dis- 
charging, the  final  result  is  the  formation  of  lead  sulphate 
on  both  plates,  as  explained  above.  The  reaction  may  be 
expressed  as  follows: 

dlscharsrlng:— > 
charged  condition  discharged  condition 

+  plate     electrolyte    —plate     +  plate  —plate 

PbO^  -I-  2HnS0^  -I-  /*  =  PbS0^-\-2H,0  +  PbSO^  -\-  electrical  energy 

4 — charsrinfiT 

The  left-hand  side  of  the  equation  represents  the  fully 
charged  condition.  The  active  material  on  the  positive  plate 
is  lead  peroxide  and  that  on  the  negative,  spongy  lead.  These 
plates  are  immersed  in  the  electrolyte  containing  sulphuric 
acid,  HtSO^,  When  the  cell  is  discharged,  it  gives  up  elec- 
trical energy  and  the  substances  are  changed  to  those  shown 
on  the  right-hand  side  of  the  equation.  Lead  sulphate,  PdSO^, 
is  formed  on  both  plates  and  water  is  also  formed.  This  water 
mixes  with  the  electrolyte  and  lowers  its  specific  gravity. 
When  the  operation  is  reversed  and  the  cells  charged,  the 
plates  are  in  the  initial  condition  represented  by  the  right-hand 
side  of  the  equation.  Electrical  energy  is  supplied  from  an 
outside  source  and  the  lead  sulphate  on  the  positive  plate  is 
converted  into  lead  peroxide,  while  that  on  the  negative  is 
changed  into  spongy  lead.  Sulphuric  acid  is  also  formed  and 
this  mixes  with  the  electrolyte,  causing  the  specific  gravity 
to  increase  as  the  charging  progresses.     When  the  cells  have 
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been  properly  charged,  the  positive  plate  is  a  chocolate  color, 
while  the  negative  is  a  slaty  gray. 

The  presence  of  the  insoluble  sulphate  is  made  apparent 
by  the  formation  of  a  white  coating  or  glaze  over  the  plates, 
which  are  then  said  to  be  suiphated.  If  the  cells  are  dis- 
charged and  left  to  stand  with  the  electrolyte  in  place, 
sulphating  takes  place  rapidly. 

6.  It  has  been  shown  that  sulphuric  acid  is  formed  during 
the  charge  and  decomposed  during  discharge;  thus,  the  pro- 
portions of  it  in  the  electrolyte,  consequently,  the  density  of 
the  electrolyte,  vary  with  the  state  of  charge  of  the  cell; 
starting  with  a  specific  gravity  of  1.150,  the  specific  gravity 
will  be  found  to  be  about  1.20  when  the  cell  is  fully  charged, 
indicating  the  presence  of  about  27  per  cent,  of  sulphuric  acid 
in  the  electrolyte.  The  variation  in  density  of  the  electrolyte 
with  discharge  and  charge  is  shown  by  the  lower  curves  in 
Figs.  1  and  2. 

The  E.  M.  F.  of  this  cell  is  approximately  2  volts,  being 
2.04  when  the  discharge,  starts,  which  gradually  falls  to  1.75 
volts  when  nearly  discharged;  beyond  this  point,  further  dis- 
charging causes  the  E.  M.  F.  to  fall  more  rapidly,  the 
decrease  after  1.75  volts  being  very  marked.  The  upper 
curves  in  Figs.  1  and  2  show  the  variation  in  the  potential 
difference  at  the  terminals  of  a  cell,  the  curve  in  Fig.  1 
showing  the  falling  off  during  discharge  and  Fig.  2  the 
rise  during  charge. 

6.  Buckling. — The  rating  of  accumulators  is  usually 
based  on  their  capacity  when  discharged  to  an  E.  M.  F.  of 
1.75  or  1.8  volts;  cells  should  not  be  continuously  discharged 
to  below  1.75  volts,  as  below  this  point  injurious  sulphating 
will  occur.  This  sulphating  may  lead  to  a  distortion  of  the 
positive  plate,  known  as  buckling,  unless  the  grids  are 
strong  mechanically.  As  the  plates  are  located  very  close 
together  in  the  cells  to  reduce  the  internal  resistance, 
buckling  is  liable  to  cause  the  plates  to  touch,  thus  short- 
circuiting  the  cell. 

The  cause  of  buckling  seems  to  be  the  formation  of  sulphate 
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in  the  plug^s  of  active  material  that  fill  the  spaces  of  the 
grids,  thus  causing  an  expansion;  lead  having  very  little 
elasticity,  the  grid  is  forced  out  of  shape.  As  frequently 
constructed,  the  edges  of  the  grid  are  heavier  than  the  inter- 
mediate portion,  so  that  the  effect  of  the  distortion  is  to 
bulge  the  plate  in  the  center.  If  the  plates  are  not  dis- 
charged too  far  and  too  rapidly,  the  expansion  of  the  active 
material  is  gradual,  causing  the  grid  to  stretch  evenly. 

7.  Rating  of  Cells. — The  quantity  of  electricity  that 
may  be  taken  from  a  completely  charged  cell  depends  on 
the  amount  (weight)  of  material  altered  by  the  chemical 
action,  as  in  a  primary  cell;  while  the  rate  at  which  this 
material  is  altered,  consequently,  the  rate  at  which  the  elec- 
tricity can  be  taken  out  (the  rate  of  discharge  in  amperes), 
scad,  to  a  large  extent,  the  amount  of  material  altered, 
depends  on  the  surface  of  the  active  material  exposed  to 
the  chemical  action. 

Cells  are  rated  at  a  certain  number  of  ampere-hours 
capacity,  depending  on  both  the  weight  and  the  surface  area 
of  the  active  material  in  the  cell;  a  certain  economical  dis- 
charge rate  is  also  recommended,  depending  on  the  surface 
of  the  plates  exposed  to  the  electrolyte.  If  this  discharge 
rate  be  continually  exceeded,  the  chemical  action  goes  on 
too  rapidly,  the  white  sulphate  is  formed  in  the  active 
material  of  the  positive  plate,  finally  causing  disintegration 
of  the  active  material,  even  if  the  discharge  is  not  carried 
beyond  the  point  (1.75)  given  above.  With  the  ordinary 
construction,  the  normal  discharge  rate  is  about  .04  ampere 
per  square  inch  of  surface  (both  sides)  of  positive  plate,  and 
the  discharge  capacity  about  4  ampere-hours  per  pound  of 
plate  (both  positive  and  negative  plate  included). 

8.  Cbansre  of  B.  M.  F.  With  Discharge. — The  upper 
curve  in  Fig.  1  shows  the  manner  in  which  the  E.  M.  F.  of  an 
accumulator  falls  as  the  discharge  proceeds.  In  this  case  the 
cell  was  connected  to  a  variable  external  resistance,  such  that 
about  the  normal  discharge  current,  as  advised  by  the  manu- 
facturers, was  maintained  throughout  the  test  in  the  external 
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10  STORAGE  BATTERIES  §27 

circuit.  The  state  of  polarization  of  the  slight  surface  layer 
of  both  plates  resulting  from  the  charge  causes  the  E.  M.  P. 
to  be  high  at  first,  but  as  this  is  quickly  disposed  of,  the 
E.  M.  F.  falls  in  the  first  5  minutes  or  so  to  1.98  volts;  on 
continuing  the  discharge,  the  E.  M.  F.  falls  slowly  and  evenly 
tmtil  after  8  hours  of  discharging  the  E.  M.  F.  falls  to 
1.75  volts.  If  the  discharge  is  continued  beyond  this  point, 
the  nature  of  the  chemical  action  changes  somewhat,  and  the 
fall  of  E.  M.  F.  becomes  more  rapid. 

This  falling  oflE  of  the  E.  M.  F.  is  due  to  the  weakening  of 
the  acid  solution  and  to  the  gradual  changing  of  the  spongy 
lead  on  the  one  plate  and  the  peroxide  on  the  other  to 
sulphate.  As  this  reduction  can  only  go  on  at  the  points 
where  the  acid  is  in  contact  with  the  spongy  lead  or  the 
peroxide,  it  is  evident  that  the  interior  portions  of  the  active 
material  are  affected  much  more  slowly  than  the  surface,  as 
the  acid  penetrates  the  active  material  only  at  a  comparatively 
slow  rate.  On  this  account,  discharging  at  slow  rates  allows 
the  active  material  to  be  more  uniformly  and  thoroughly 
acted  on,  thus  giving  a  greater  output. 

This  also  accounts  for  the  fact  that  on  discontinuing  the 
discharge  at  any  point  the  E.  M.  F.  will  soon  rise  to  practi- 
cally its  original  value,  2.04  volts; .  for  unless  the  cell  is 
entirely  discharged  there  is  always  some  unconverted  active 
material  in  the  interior  of  the  plate,  which  serves  to  give  the 
original  E.  M.  F.  when  reached  by  the  acid.  If  the  discharge  is 
resumed,  this  acid  is  soon  exhausted,  and  the  E.  M.  F.  rapidly 
falls  to  the  value  it  had  when  the  discharge  was  stopped. 

In  the  above  case,  the  product  of  the  amperes  and  the  hours 
will  give  the  output  of  the  accumulator  in  ampere-hours;  if 
the  discharge  rate  had  been  greater,  the  output  in  ampere- 
hours  would  have  been  diminished,  the  discharge  being 
continued  until  the  E.  M.  F.  falls  to  the  same  value  in  each 
case.  Conversely,  if  the  discharge  rate  had  been  lower,  the 
output  would  have  been  increased. 

For  example,  assume  the  limiting  E.  M.  F.  to  be  1.75  volts. 
In  a  certain  cell»  with  a  discharge  current  of  30  amperes, 
the  E.  M.  F.  reaches  its  limit  in  8  hours,  giving  an  output  of 
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240  ampere-hours.  If  the  discharge  current  were  40  amperes, 
the  limiting  E.  M.  F.  would  be  reached  in  about  5  hours, 
giving  an  output  of  only  200  ampere-hours,  while  if  it  were 
20  amperes,  the  limiting  E.  M.  F.  would  not  be  reached  for 
about  13  hours,  giving  an  output  of  260  ampere-hours. 

For  the  sake  of  uniformity,  the  rating  of  the  capacity  of 
accumulators  is  made  on  the  basis  of  a  discharge  current 
that  will  cause  the  E.  M.  F.  to  fall  to  1.75  volts  in  8  hours, 
although  most  manufacturers  give  tables  showing  the  com- 
parative capacity  of  the  various  sizes  of  cells  at  other  rates  of 
discharge.  The  rate  of  charge  (charging  current)  for  accu- 
mulators of  this  class  should  be  about  the  same  as  the  nor- 
mal (8-hour)  discharge  rate,  although  much  smaller  currents, 
continued  for  a  proportionately  longer  time,  may  be  used. 


EFFICIENCY    OF    STORAGE    CEL,1,9 

9.  Although  storage  batteries  do  not  store  electricity, 
they  certainly  do  store  energy  by  converting  the  kinetic 
energy  of  the  electric  current  into  chemical  potential  energy, 
which  may  be  realized  as  kinetic  energy  again.  The  efficiency 
of  the  accumulator  (or  of  any  other  means  of  storing  or 
transforming  energy)  is  the  output  divided  by  the  input. 
This  quotient  is  always  less  than  1,  as  the  accumulator  is 
not  a  perfect  storer  of  energy;  that  is,  there  are  certain  losses 
in  the  transformation  of  kinetic  electrical  to  potential  chem- 
ical energy,  and  vice  versa,  besides  the  loss  of  the  energy 
required  to  force  the  current  through  the  cell,  that  is,  the  loss 
due  to  the  resistance  of  the  plates  and  electrolyte. 

10.  Ampere-Hour  Efficiency. — The  input  and  output 
of  an  accumulator  may  be  expressed  either  in  ampere-hours 
(the  quantity  of  electricity)  or  in  watt-hours  (the  work  done 
by  the  current).  If  secondary  cells  of  this  class  be  fully 
charged  at  normal  rate,  after  a  discharge  to  1.75  volts,  and 
then  discharged  to  the  same  point,  also  at  normal  rate,  the 
ampere-hour  efficiency  will  be  ordinarily  from  .87  to  .93,  or 
87  to  93  per  cent.  If  charged  and  discharged  to  the  same  point 
at  very  slow  rates,  this  efficiency  may  rise  to  96  or  97  per  cent. 
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12  STORAGE  BATTERIES  §27 

11.  Watt-Hour  Efficiency. — The  ^watt-hour  effi- 
ciency at  normal  rates  of  charge  and  discharge  is  lower, 
being  from  70  to  80  per  cent.,  depending  on  the  construction 
of  the  cell.  When  batteries  are  used  for  regulating  purposes 
to  take  up  rapid  load  fluctuations,  the  battery  is  alternately 
charged  and  discharged  and  the  chemical  action  is  confined 
largely  to  a  thin  surface  film  on  the  plates.  Under  such 
circumstances  the  watt-hour  efi&ciency  becomes  considerably 
higher  than  when  the  battery  charges  and  discharges  con- 
tinuously, and  the  watt-hour  efficiency  may  be  as  high  as 
from  92  to  94  per  cent. 

The  cause  of  the  loss  represented  by  the  foregoing  figures 
is,  for  the  ampere-hour  efficiency,  due  to  the  fact  that  the 
charging  current  must  perform  several  chemical  decompo- 
sitions, the  elements  of  which  either  do  not  recombine  or, 
recombining,  do  not  give  up  their  potential  energy  in  the 
form  of  electrical  energy. 

The  loss  shown  in  the  watt-hour  efficiency  figures  is  due 
partly  to  the  fact  that  the  E.  M.  F.  of  charge  is  higher  than 
that  of  discharge,  partly  to  the  E.  M.  F.  required  to  per- 
form the  wasteful  chemical  actions  referred  to  above,  and 
partly  to  the  drop  in  volts  caused  by  the  passage  of  the  cur- 
rent against  the  resistance  of  the  plates  and  electrolyte. 
This  drop  adds  to  the  E.  M.  P.  required  to  perform  the 
chemical  decompositions  in  charging,  and  subtracts  from  the 
E.  M.  F.  due  to  the  chemical  recompositions,  and  its  amount 
depends  more  on  the  construction  of  the  cell  than  does  the 
loss  represented  by  the  ampere-hour  efficiency,  as  it  varies 
with  the  shape  and  size  of  the  plates,  their  distance  apart, 
their  state  of  charge  (on  account  of  variations  of  the  resist- 
ance of  the  electrolyte  as  the  percentage  of  acid  varies),  the 
rate  of  charge  and  discharge,  and  other  conditions. 

The  loss  due  to  the  internal  resistance  in  well-designed 
cells  usually  amounts  to  about  3  per  cent,  at  normal  rates  of 
charge  and  discharge;  the  loss  is  correspondingly  less  at  low 
rates  and  more  at  high  rates,  being  proportional  to  the  square 
of  the  current  flowing. 

These  efficiency  figures,  as  stated,  are  given  for  a  discharge 
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to  1.75  volts  E.  M.  F.,  the  usual  manufacturers'  rating;  if 
the  cells  are  not  discharged  to  so  great  an  extent,  both 
ampere-hour  and  watt-hour  efi&ciencies  are  higher. 

12,  Resistance  of  Cells. — In  a  good  modem  cell 
exposing  about  1,100  square  inches  of  positive-plate  surface, 
and  listed  as  having  400  ampere-hours  capacity,  the  internal 
ohmic  resistance  is  about  .0007  ohm  when  charged.  Cells  of 
greater  capacity  have  a  proportionately  lower  resistance. 


CHARGING    £.  M.  F. 

13.  The  E.  M.  F.  required  to  send  a  given  charging 
current  through  a  secondary  cell  varies  with  the  state  of 
charge  of  the  cell.  Fig.  2  shows  the  E.  M.  F.  required  to 
charge  the  same  type  of  cell  that  gave  the  discharge  E.  M.  F. 
curve.  Fig.  1.  The  curve  shows  the  voltage  across  the  ter- 
minals of  the  cell  when  it  is  being  charged  at  the  normal  rate. 

This  curve  shows  that  the  charging  E.  M.  F.  during  the 
first  hour  rises  at  a  comparatively  rapid  rate  from  2.04  to 
2.13  volts.  During  the  next  5  hours  the  rise  in  voltage  is 
slower  and  practically  uniform,  having  become  2.19  volts  at 
the  end  of  6  hours.  For  the  next  2i  hours  the  rise  in  voltage 
becomes  more  rapid  and  at  the  end  of  8  hours  reaches  2.38 
volts,  and  at  Si  hours  2.48  volts.  On  continuing  the  char- 
ging current  beyond  the  8i-hour  period  the  E.  M.  F.  rises  a 
little  more,  and  then  remains  practically  constant  at  about 
2.50  volts;  as  the  only  action  that  now  takes  place  is  the 
decomposition  of  the  electrolyte,  giving  off  gas,  further 
charging  will  only  result  in  a  waste  of  energy. 

From  this  curve  it  appears  that  the  cell  became  completely 
charged  in  practically  9  hours;  as  the  discharge  curve,  Fig.  1, 
shows  that  with  the  same  number  of  amperes  the  discharge 
is  complete  (to  1.75  volts)  in  8  hours,  the  ampere-hour 
efficiency  of  this  cell  is  f ,  or  nearly  90  per  cent. 


CONSTRUCTION    OF    LEAD-SUXPHURIC    ACID    CELL.S 

14.  The  usual  construction  of  lead-sulphuric  acid 
cells  is  as  follows:  The  plates  and  electrolyte  are  contained 
in  a  vessel  of  approximately  cubical  form;  this  vessel  is  of 
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Sflass,  if  the  cells  are  not  intended  to  be  portable,  the  glass 
allowing  the  examination  of  the  condition  of  the  plates  while 
the  cell  is  in  operation.  If  the  cells  are  intended  to  be  port- 
able, the  vessel  is  usually  made  of  hard  rubber,  or  of  wood 
lined  with  rubber  or  lead.  Very  large  accumulators  for 
central-station  use  are  set  up  in  lead-lined  wooden  tanks. 
The  plates  are  usually  approximately  square,  except  in 
large  cells,  and  from  i  inch  to  i  inch  thick,  according  to  size. 
To  get  a  large  surface  area  without  using  single  large  plates, 
and  to  allow  of  one  size  of  plate  being  used  for  cells  of 

various  capacities,  each  cell 
contains  a  number  of  pos- 
itive and  negative  plates 
arranged   alternately   side 
by  side  a   short  distance 
apart.      The    number    of 
negative  plates  is  always 
one  more  than  the  number 
of  positive  plates,  so  that 
each  side  of  each  positive 
plate  has  presented  to  it 
the  surface  of  a  negative. 
All   like    plates    are    con- 
nected together  by  a  con- 
^  necting   strap,   usually   at 
one   corner  of   the   plate. 
The   arrangement  of   a 
widely  used  type   of  cell 
that  will  be  described  more 
in  detail  later  is  represented  in  Fig.  3,  where  a,  a  are  the 
positive  plates  and  b^  b  the  negative.      From  a  corner  of 
each  plate  a  lug  projects;  those  on  the  negative  plates  are 
joined  to    a   connecting   strap,    and  those  on  the   positive 
plates  to  another;    the   projections   on   the   plates   rest   on 
the  edges  of  the  jar  so  that  the  bottoms  of  the  plates  are 
some  distance  from  the  bottom  of  the  jar.     This  is  done  in 
order  to  prevent  any  active  material  or  foreign  matter  that 
may  acctunulate  in  the  bottom  of  the  cell,  from  short-circuiting 
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the  plates.  The  joints  are  made  by  a  process  called  burning'^ 
which  consists  in  melting  the  lugs  and  straps  together  by  a 
hydrogen  flame;  this  flame  absorbs  the  oxygen  from  the 
film  of  lead  oxide  with  which  the  lead  is  usually  covered, 
thus  making  a  clean  and  solid  joint.  The  connecting  straps 
are  extended  beyond  the  limits  of  the  cell,  and  serve  to 
connect  the  various  cells  of  the  battery,  the  connection  being 
made  by  a  lead-covered  brass  bolt*  in  the  case  of  small  cells. 
Large  cells  are  nearly  always  joined  together  by  burning 
the  connections.  

TYPES    OF    MCAD-8TJI-PHURIC    ACID    CEIX 

15.  A  great  many  different  styles  of  storage  cell  of  the 
lead-sulphuric  acid  type  have  been  brought  out  both  in  North 
America  and  in  Europe.  The  operation  of  all  of  them  is 
substantially  as  described,  their  distinguishing  features  lying 
in  the  style  of  grid  used  and  the  methods  of  preparing  or 
applying  the  active  material.  As  it  is  impossible  to  here 
consider  all  the  different  types,  we  will  confine  our  attention 
to  a  few  of  those  that  have  been  used  most  widely  in  America. 

16.  The  Chloride  Accumulator. — The  Chloride  accu- 
mulator made  by  the  Electric  Storage  Battery  Company  is  a 
type  that  is  extensively  used.  Fig.  3  shows  one  of  these 
cells  in  which  the  elements  are  mounted  in  a  glass  jar.  The 
large  cells  used  for  central-station  work  are  mounted  in  lead- 
lined  wooden  tanks.  In  the  Chloride  cell,  the  positive  plate 
is  of  the  Plants  type  and  is  known  as  the  Manchester  tsrpe  of 
plate.  The  active  material  is  formed  from  metallic  lead.  The 
negative  plate  is  made  by  a  special  process.  Fig.  4  shows 
the  construction  of  the  positive  plate.  The  supporting  grid  A 
is  a  casting  made  of  a  mixture  of  lead  and  antimony  and  the 
holes  in  which  the  active  material  is  placed  are  tapered  from 
each  side,  as  shown  in  the  sectional  view.  This  grid  is  not 
acted  on  by  the  acid  and  takes  no  part  in  the  chemical 
changes  that  take  place  in  the  cell.  It  is  strong  mechanic- 
ally, and  serves  to  hold  the  active  material  B  which  is  in  the 
form  of  round  plugs  about  i  inch  in  diameter,  made  by  roll- 
ing up  a  corrugated  ribbon  of  pure  lead,  as  shown  at  {b)\  the 
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strip  is  slightly  wider  than  the  thickness  of  the  supporting 
grid  so  that,  when  pressed  in  place,  the  plug  projects  a  little 
on  each  side.  The  coiled-up  piece  of  lead  expands  in  the 
forming  process,  so  that  there  is  no  possibility  of  its  falling 
out.  After  the  lead  ribbon  is  in  place  it  is  converted  into 
lead  peroxide,  as  described,  thus  forming  the  active  material. 
This  construction  gives  a  rigid  plate,  and,  since  the  active 
material  in  each  hole  is  free  to  expand  and  contract  a  certain 
amount,  buckling  is  avoided. 


a 

Connecting  g 
Strap        M 


ooo 


Pio.4 

The  Chloride  cell  is  so  called  because  zinc  chloride  was  at 
one  time  used  in  the  construction  of  the  negative  plate. 
Though  it  is  not  used  in  the  present  type  of  plate  the  name 
is  retained.  Fig.  6  shows  the  construction  of  the  negative 
plate  known  as  the  box  ne^rative.  It  is  made  of  two  parts 
Ay  B  riveted  together.  Each  part  is  made  by  casting  lead- 
alloy  ribs  r,  ^  on  a  sheet  of  perforated  sheet  lead;  these  ribs 
divide  the  sheet  into  a  number  of  squares  about  li  inches 
each  way.  When  the  halves  are  riveted  together,  as  shown 
in  the  sectional  view,  a  number  of  small  boxes,  or  recesses, 
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are  formed;  the  halves  are  firmly  held  together  by  cast  pro- 
jections, at  the  rib  intersections,  that  project  from  one  half 
through  corresponding  holes  in  the  other  half.  Before  the 
halves  are  riveted  together,  the  active  material,  litharge  or 
lead  monoxide,  is  placed  in  the  recesses.  The  litharge  is  first 
made  into  a  paste  and  molded  into  pellets,  which  are  slowly 
dried.  Four  of  these  pellets  are  placed  in  each  compartment 
of  the  plate,  and  as  they  fit  in  loosely  they  are  free  to  expand 
and  contract.    The  first  charge  given  the  battery  after  it  is 


.:         S^4-^ 
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installed  converts  the  litharge  into  spongy  lead,  which  con- 
stitutes the  active  material  of  the  negative  plate.  This  con- 
struction allows  free  access  of  the  electrolyte  to  the  active 
material  and  it  is  not  possible  for  the  latter  to  fall  away 
from  the  plate  as  it  did  in  some  of  the  older  types. 

The  requisite  number  of  these  prepared  plates,  positive 
and  negative,  are  then  set  up  together  to  form  a  cell,  some 
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form  of  separator  being  usually  placed  between  them.  In 
the  Chloride  accumulator  a  number  of  different  kinds  of  sep- 
arators have  been  used.  In  the  earlier  cells  the  plates  were 
separated  by  sheet  asbestos,  but  the  separator  now  generally 
used  is  a  board  diaphragm  used  in  connection  with  wooden 
strips.  The  arrangement  of  these  diaphragms  and  separators 
will  be  explained  in  detail  in  connection  with  the  setting  up 
of  cells. 

Fig.  6  shows  the  general  arrangement  of  some  large 
Chloride  cells  used  with  a  central-station  lighting  system. 
Each  cell  here  contains  87  plates  15i  in.  X  32  in.  The  lugs  /,  / 
on  the  plates  are  burned  on  to  the  channel-shaped  pieces  Cy  c 
that  form  the  connections  between  the  cells;  d  is  the  edge 
of  the  lead  lining  of  the  tank;  and  e,  e  are  glass  rods  for- 
merly used  for  separating  the  plates.  The  heavy  bar  m  forms 
one  terminal  of  the  battery  and  is  connected  to  the  last  set 
of  plates  by  means  of  the  copper  cross-piece  ». 

17.  The  E.  M.  F.  and  action  of  the  Chloride  accumulator 
are  the  same  as  that  of  the  Faure  (pasted)  type  or  the 
Plants.  It  is  claimed  by  the  manufacturers  that,  from 
the  solidity  of  the  construction,  buckling  and  loosening  of  the 
active  material  are  practically  impossible,  so  that  the  cells 
may  be  occasionally  discharged  to  a  low  E.  M.  F.  or  at  high 
rates  without  serious  injury.  Its  output  per  pound  of  ele- 
ment is  greater  than  that  usually  assigned  to  lead  accumu- 
lators, being  from  4  to  6  ampere-hours,  according  to  the  type 
of  cell,  per  pound  of  plates  (both  positive  and  negative)  at 
normal  discharge  rates. 

18.  The  Gould  Storafire  Battery.— The  Gould  battery 
is  of  the  Plants  type.  Both  positive  and  negative  plates  are 
made  of  rolled  sheet  lead;  and  the  distinguishing  feature  of 
the  cell  is  the  method  of  increasing  the  active  surface  of  the 
plates.  Fig.  7  shows  a  Gould  plate  before  it  has  been  sub- 
jected to  the  forming  process;  the  sheet  lead  is  spun  up  so 
as  to  form  thin  ridges  with  grooves  between  them  in  which 
the  active  material  is  formed.  Sheet-lead  blanks  are  placed 
in  steel  frames  and  made  to  move  back  and  forth  between 
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two  rapidly  revolving  shafts  on  which  are  mounted  steel 
disks  alternating  with  steel  washers.  The  thickness  of  the 
disks  and  washers  determines  the  width  of  the  grooves  and 
the  thickness  of  the  ribs.     The  pressure  maintained  between 


Pig.  7 


the  rolls  and  lead  causes  the  latter  to  be  spun  up  in  thin 
ridges,  as  shown  in  Fig.  8  (a).  No  lead  is  removed  from 
the  blank;  the  form  is  merely  changed  so  as  to  give  a  greatly 
increased  surface.     In  all  except  the  smallest  plates  the  spun 


(a) 


portion  is  divided  into  sections,  as  shown  in  Fig.  8  (^),  and 
the  unspun  parts  a,  ^,  c  form  bars  of  solid  conducting  material 
to  which  the  thin  webs  are  anchored.  There  is  also  a  thin 
dividing  line  d  in  the  center  of  the  plate.     The  width  of  the 
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grooves  is  gfovemed  by  the  kind  of  work  that  the  cell  has  to 
perform,  and  varies  from  .005  to  .024  inch.  By  spinning  up  the 
lead,  the  superficial  area  is  increased  from  ten  to  twenty  times, 
and  gives  from  200  to  400  square  inches  per  pound  of  lead. 
This  permits  a  low  current  density  at  the  contact  surface 
between  acid  and  plate,  the  density  at  normal  discharge  rate 
being  about  1  ampere  for  each  250  square  inches  of  contact 


Fio.9 

surface.  The  thickness  of  the  ribs  varies  from  .005  to  .040 
inch  on  the  positive  plate,  and  is  about  .012  inch  on  the  nega- 
tive. The  active  material  is  formed  electrochemically^  and 
fills  the  narrow  spaces  between  the  ribs;  these  spaces  are  so 
narrow  that  there  is  little  chance  for  the  material  to  fall  out. 
After  the  plates  have  been  formed,  the  thin  ribs  do  not 
appear  as  distinctly  as  shown  in  Fig,  7, 
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Fig.  9  shows  a  Gould  cell  arranged  for  central-station 
work.  The  elements  are  mounted  in  a  lead-lined  wooden 
tank,  and  are  separated  by  glass  rods  a,  a.  This  cell  has  41 
plates — 20  positive  and  21  negative — and  has  a  capacity  of 
400  amperes  for  8  hours,  560  amperes  for  5  hours,  or  800 
amperes  for  3  hours.  It  is  covered  by  heavy  glass,  half  of 
which  b  is  shown  in  the  figure,  in  order  to  prevent  acid  spray 
being  thrown  off  when  the  battery  gases-  The  whole  cell  is 
supported  on  porcelain  insulators  ^,  c. 


(a)  Pig.  10  <b) 

19.  The  Wlllard  Storage  Battery.— The  Willard  bat- 
tery is  of  the  Plants  type,  the  active  material  being  held  in 
narrow  grooves  cut  in  a  rolled  lead  plate.  Fig.  10  (a)  shows 
a  Willard  plate;  its  grooves  are  inclined  upwards  in  order  to 
hold  the  active  material  more  effectively  in  place.  Fig.  10  {b) 
shows  a  complete  cell  of  the  Willard  type.  The  action  of  the 
cell  is  the  same  as  the  Plants  cell,  so  that  further  comment  is 
unnecessary. 
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20.  The  foregoing  will  give  a  fair  idea  as  to  the  con- 
struction of  storage  batteries.  The  list  might  be  prolonged 
almost  indefinitely,  for  many  makes  that  are  perfectly  satis- 
factory in  operation  are  not  mentioned  here.  As  before 
stated,  nearly  all  of  these  cells  operate  on  the  same  principle, 
the  only  difference  being  in  the  method  of  making  the  plates. 
A  vast  amomit  of  time  and  money  have  been  spent  in  the 
improvement  of  storage-battery  elements  and  in  perfecting 
the  manufacturing  details.  The  above,  however,  will  be 
sufficient  to  show  the  general  construction  of  such  batteries 
as  are  made  at  the  present  time.  It  seems  as  if  the  Plants 
type  were  used  most  largely  in  America,  especially  for 
stationary  work;  in  Europe,  the  Faure,  or  pasted  type,  is 
more  common.  The  Faure  type  is  used  by  some  makers  for 
automobile  batteries,  because,  in  general,  the  pasted  cell 
gives  a  greater  output  per  pound  of  weight  than  the  Plants 
type.  On  the  other  hand,  it  has  been  found  that  pasted  plates 
are  more  liable  to  disintegration,  so  that  where  weight  is  not 
an  objection,  the  Plants  type  is  favored. 


AUTOMOBILE    BATTERIES 

21.  In  batteries  intended  for  automobiles,  electric 
launches,  or  similar  class  of  service,  every  effort  must  be 
made  to  secure  a  large  output  with  a  minimum  weight. 
The  cells  must  at  the  same  time  have  sufficient  mechanical 
strength  to  withstand  the  jarring  to  which  they  are  sub- 
jected. The  grids  used  in  these  cells  are  of  lighter  con- 
struction than  those  used  for  stationary  batteries  and  carry 
a  larger  proportion  of  active  material. 

Fig.  11  shows  the  general  construction  of  the  plates  used 
in  the  **Exide"  battery  made  for  automobile  use  by  the 
Electric  Storage  Battery  Company.  The  foundation  for 
the  positive  plate  is  a  light  but  stiff  cast  grid  made  of  a 
mixture  of  lead  and  antimony;  the  general  form  of  the  grid 
is  indicated  in  Fig.  11  (a).  These  grids  are  pasted  with  red 
lead,  which  is  afterwards  converted  into  lead  peroxide;  the 
staggered   arrangement   of   the   cross-ribs,    shown   in    the 
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sectional  view,  insures  a  firm  locking  of  the  active  material. 
The  negative  plate,  shown  in  (^),  is  of  lighter  construction 
than  the  positive.  It  is  made  up  of  a  sheet  of  lead  a  with 
a  stiff  frame  b  cast  around  it.  This  sheet  has  a  number  of 
holes  punched  in  it,  half  of  these^  being  punched  through 
from  one  side  and  the  other  half  d  from  the  other  side. 
The  metal  is  not  removed  but  is  torn  or  burred  up  as 
indicated.  The  torn  projections  are  pressed  down  flush  with 
the  edge  of  the  cast  frame  and  the  plate  is  then  pasted  on 
both  sides  with  litharge,  which  is  afterwards  converted  into 
spongy  lead.     The  torn   projections,  when  pressed   down, 
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form  a  series  of  hooks  that  lock  the  material  securely  to  the 
plate.  This  cell  is,  therefore,  of  the  Faure  type,  both  plates 
being  pasted. 

The  Porter  automobile  battery  is  also  of  the  pasted  t3rpe, 
while  the  Willard  and  Gould  automobile  batteries  are  of  the 
Plants  type,  and  have  plates  made  in  practically  the  same 
way  as  those  used  for  stationary  batteries.  The  elements  of 
automobile  batteries  are  usually  mounted  in  hard-rubber 
cells  in  order  to  avoid  breakage,  and  are  separated  from  each 
other  by  perforated  hard-rubber  diaphragms.  The  output  of 
automobile  batteries  is  usually  from  5  to  6.5  ampere-bovirs 
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per  pound  total  weight  when  discharged  at  a  4-hour  rate. 
However,  it  is  difficult  to  compare  such  batteries  simply  by 
their  capacity  per  pound  weight.  The  ability  to  withstand 
rough  usage  and  constant  jarring  is  of  more  importance  than 
mere  lightness  for  this  class  of  service. 


BIMETAIililC    ACCUMUIiATORS 

22*  Owing  to  the  great  weight  of  lead  accumulators  many 
attempts  have  been  made  to  produce  a  storage  cell  that 
will  be  equal  or  superior  to  the  lead  cell  and  a  great  deal 
lighter.  A  vast  amount  of  experimenting  has  been  done 
along  this  line,  but  so  far  the  lead  cell  has  proved  the  most 
economical  in  the  long  run.  In  bimetallic  cells,  the  ele- 
ments consist  of  two  metals,  the  electrolyte  being  a  salt 
of  one  of  the  metals  or  a  hydroxide.  Though  many  com- 
binations of  metals  have  been  proposed  for  these  cells,  the 
most  satisfactory  are  the  zinc-lead,  copper-lead,  copper-zinc, 
and,  later,  the  nickel-iron  cell  of  Edison.  The  principal 
trouble  with  bimetallic  accumulators  has  been  due  to  local 
action,  which  soon  causes  deterioration  of  the  plates;  also, 
many  of  these  cells  will  not  work  well  at  ordinary  tempera- 
tures, making  it  necessary  to  keep  the  electrolyte  hot  in 
order  to  secure  satisfactory  action.  A  few  of  these  cells  are 
described  in  order  to  show  what  has  been  done  in  this  line, 
though  few  of  them  have  been  used  to  any  great  extent. 

23.  Zinc-Liead  Cell. — ^The  zinc-lead  oell  usually  con- 
sists of  plates  of  zinc  and  lead  in  a  solution  of  zinc  sulphate. 
On  sending  a  charging  current  through  this  cell  (the  zinc 
being  the  negative  plate)  the  zinc  sulphate  is  decomposed, 
depositing  zinc  on  the  zinc  plate  and  forming  free  sulphuric 
acid  with  the  hydrogen  of  the  water,  which  is  also  decom- 
posed, its  oxygen  uniting  with  the  lead  plate,  forming 
peroxide  of  lead.  On  open  circuit  and  while  charging,  the 
free  sulphuric  acid  in  the  solution  slowly  attacks  the  deposited 
zinc,  reforming  zinc  sulphate,  so  that  the  efficiency  of  this  form 
of  cell  is  low;  it  will  not  retain  a  charge  more  than  a  few  days. 
The  E.  M.  F.  is  high,  being  about  2.35  volts  to  2.5  volts. 
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By  substituting  copper  sulphate  for  zinc  sulphate,  and 
copper  plates  for  the  zinc  or  other  negative  plates  in  this 
type  of  cell,  the  acid  formed  during  charge  cannot  attack  the 
copper,  so  that  this  loss  is  obviated;  the  E.  M.  F.,  however, 
is  but  1.25  volts  under  these  circumstances,  so  the  watt  out- 
put is  materially  reduced.     Fig.  12  shows  a  zinc-lead  cell 

made  by  the  United  States 
^  Battery  Company.     The 
positive  element  a  is  per- 
forated lead,  and  the  neg- 
ative   element    b    gran- 
ulated   zinc    amalgam. 
The  amalgam  is   placed 
in  the  bottom  of  the  cell 
and    the    lead   plate    ar- 
ranged horizontally  above 
it  in  order  to  avoid  short- 
circuiting  by  any  particles 
that   may    drop   off*  the 
positive  plate;  by  thoroughly  amalgamating  the  zinc  it  is 
claimed  that  local  action  is  avoided.     This  type  of  cell  gives 
an  average  E.  M.  F.  about  15  per  cent,  higher  than  that  of 
the  lead-sulphuric  acid  cell,  and  is  somewhat  lighter.     The 
electrolyte  is  a  solution  of  zinc  sulphate. 

Owing  to  the  variations  in  the  composition  of  the  electro- 
lyte, the  internal  resistance  of  these  cells  is  variable,  being 
lowest  when  charged  and  increasing  during  discharge  as  the 
sulphuric  acid  forms  sulphate  of  copper  or  zinc. 

24.  Copper-Zinc  Cells. — The  copper-zinc  accumulators 
were  at  one  time  in  commercial  use  to  a  limited  extent,  the 
best  known  being  the  Phillips-Entz  accumulator,  made  by 
the  Waddell-Entz  Electric  Company.  This  accumulator 
employed  the  same  active  materials  as  the  Lalande-Chaperon 
or  Edison-Lalande  primary  cell,  modified  in  mechanical  con- 
struction to  adapt  them  for  accumulator  use.  The  positive 
plate  was  made  of  porous  copper  on  a  solid  foundation.  The 
negative  plate  was  a  thin  sheet  of  steel,  and  the  plates  were 
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mounted  in  a  jar  made  of  steel.  The  electrolyte  was  a  solution 
of  potassium  zincate  and  potassium  hydrate  (caustic  potash). 

The  reactions  in  a  cell  of  this  kind  are  complicated,  but 
when  the  cell  is  charged  zinc  is  deposited,  from  the  potassium 
zincate,  on  the  steel  plates  and  the  porous  copper  is  oxidized. 
On  discharge,  the  action  is  the  same  as  in  the  Edison-Lalande 
primary  cells;  that  is,  the  zinc  is  dissolved,  the  potassium 
zincate  is  reformed,  and  the  copper  oxide  reduced  to  metallic 
(spongy)  copper. 

The  efficiency  of  this  type  of  accumulator  is  about  the 
same  as  that  of  the  lead  accumulator,  while  its  output  is  very 
much*  greater,  weight  for  weight,  the  ampere-hour  output 
being  about  five  times  that  of  a  lead  cell.  The  E.  M.  F.  is 
much  lower  than  that  of  the  lead  accumulator,  averaging 
.75  volt  during  discharge,  so  that  the  comparison  on  a  basis 
of  watt-hour  output  is  not  so  favorable;  still,  the  copper-zinc 
accumulator  will  show  an  output  of  about  15  watt-hours  per 
pound  of  plates,  while  the  lead  accumulators  seldom  exceed 
from  7  to  10  watt-hours  per  pound  of  plates,  the  latter  figure 
being  seldom  reached  at  normal  rates  of  discharge. 

The  efficiency  and  internal  resistance  of  the  copper-zinc 
accumulator  vary  quite  largely  with  the  temperature,  on 
account  of  the  considerable  variations  in  the  density  of 
the  electrolyte;  on  this  account  the  cells  are  ordinarily 
charged  and  discharged  at  a  temperature  of  about  54°  C. 
(130°  F.),  at  which  point  the  resistance  is  about  the  same  as 
in  a  similar  lead  accumulator. 

These  cells  are  not  much  affected  by  the  rate  of  discharge, 
there  being  no  such  occurrence  as  sulphating  or  buckling; 
but  on  account  of  the  difficulty  of  depositing  the  zinc  in  a 
solid  form,  the  charging  must  be  done  at  a  low  rate,  and  the 
action  of  the  cells  is  improved  by  intermittent  charging. 
The  E.  M.  F.  required  to  charge  one  of  these  cells  varies 
from  .9  volt  at  the  start  to  1.05  volts  at  the  finish.  On 
account  of  these  features  the  copper-zinc  accumulator  can  be 
used  only  in  installations  where  it  is  charged  and  discharged 
daily,  thus  preventing  local  action,  and  when  it  can  have  the 
necessary   appliances,  care,  and  attention  in  charging,  to 
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insure  proper  charging  rate,  temperature,  etc.;  so,  in  spite 
of  its  large  output  per  unit  of  weight,  it  can  hardly  come  into 
general  use.  Another  serious  objection  to  this  type  of  cell  is 
its  low  voltage;  for  a  system  operating  at  a  given  voltage 
nearly  three  times  as  many  cells  would  be  required  as  would 
be  sufficient  if  lead-sulphuric  acid  cells  were  used.  This 
objection,  of  course,  applies  ,to  any  cell  that  gives  a  low 
voltage.  Like  all  cells  using  caustic  potash  or  other 
hydroxide  for  the  electrolyte,  the  air  must  be  kept  from  the 
electrolyte  to  prevent  the  absorption  of  C(9,  (carbonic-acid 
gas)  from  the  atmosphere,  and  the  formation  thereby  of 
carbonates.  The  necessity  of  excluding  the  air  by  means  of 
a  layer  of  oil  or  by  other  means  constitutes  quite  a  serious 
drawback  in  the  practical  operation  of  these  cells.  Although 
this  type  of  accumulator  has  many  good  points,  it  has  never 
been  able  to  displace  the  lead-sulphuric  acid  cell  in  commer- 
cial work  on  account  of  the  above-mentioned  drawbacks  and 
has,  in  fact,  never  been  used  to  any  great  extent. 

25.  Edison  Nickel-Iron  Cell. — A  bimetallic  cell  has 
been  developed  by  Edison  that,  it  is  claimed,  is  lighter  and 
more  durable  than  the  lead  type  and  does  not  have  the 
disadvantages  of  other  bimetallic  cells.  The  cell  has  been 
developed  with  particular  reference  to  the  requirements  of 
electric  vehicle  service,  but  at  present  it  has  not  been  used 
to  a  sufficient  extent  commercially  to  indicate  whether  or  not 
it  will  be  able  to  displace  the  lead  type  of  cell.  The  active 
material  of  the  positive  plate  is  peroxide  of  nickel  and  that 
of  the  negative  plate,  finely  divided  iron.  Both  plates  are 
constructed  as  indicated  in  Fig.  13.  The  active  material  is 
held  in  flat  stamped  steel  boxes,  or  pockets,  made  by  shallow 
halves  that  fit  tightly  together.  These  boxes  are  perforated 
with  narrow  slits  that  allow  the  electrolyte  to  come  in  con- 
tact with  the  material  contained  within.  The  plate  proper  is 
made  of  steel,  nickel  plated,  and  is  punched  with  twenty-four 
rectangular  openings,  as  shown  at  a,  Fig.  13.  The  boxes  b 
are  held  in  the  openings  as  shown  in  the  complete  plate  c. 
The  plates  are  quite  thin  and  the  number  required  for  a  cell 
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are  assembled  with  rubber  separators  between  adjacent 
plates.  The  electrolyte  is  a  20-per-cent.  solution  of  caustic 
potash  {KOH),  and  as  the  amount  required  for  the  cell  is 
small,  the  plates  can  be  placed  close  together.  The  nest  of 
plates  is  placed  in  a  sheet-steel  containing  vessel.  The  regular 
automobile  cell  measures  13  in.  X  5.1  in.  X  3.5  in.  and  weighs 


Pio.  18 

17.8  pounds.  The  E.  M.  F.  of  the  cell  is  1.33  volts,  and  the  out- 
put varies  from  173  to  142  ampere-hours  on  discharges  ranging 
from  30  amperes  to  200  amperes.  This  corresponds  to  about 
13  watt-hours  per  pound  at  the  lower  discharge  rate.  Like  all 
other  cells  using  a  hydroxide  for  the  electrolyte,  the  air 
must  be  excluded  to  prevent  the  formation  of  carbonates. 


Digitized  by 


Google 


STORAGE  BATTERIES  §27 


INSTALLATION  AND  CARE  OF  STORAGE 

CELLS 


SETTING  UP  CEIiliS 

26.  The  following  instructions  regarding  the  installation 
and  care  of  storage  cells  are  an  abstract  of  those  furnished 
by  the  Electric  Storage  Battery  Company,  and  refer  to  the 
Chloride  cell  as  used  for  stationary  work.  However,  the 
instructions  may  be  taken  as  applying  for  the  most  part  to 
any  of  the  ordinary  types  of  lead-sulphuric  acid  cell.  Manu- 
facturers send  out  instructions  regarding  their  cells  and  give 
any  special  recommendations  that  may  relate  to  their  par- 
ticular type.  For  the  most  part  these  instructions  apply  also 
to  automobile  or  other  portable  cells. 

27.  Ijocatlon. — Storage  cells  should  be  located  in  a 
well-ventilated  room  of  moderate  temperature,  say  from  50° 
to  75°  F.  The  floor  should  be  of  cement  with  drainage 
facilities,  and  the  room  should  be  light  enough  to  allow 
easy  inspection  of  the  cells.  Generally,  the  battery  room  is 
located  somewhere  near  the  dynamo  room  in  case  the  battery 
is  used  in 'connection  with  a  central  station,  as  a  near-by 
location  cuts  down  the  length  of  conductors  between  the 
battery  and  station,  and  also  allows  the  outfit  to  be  watched 
to  better  advantage. 

28.  Metbod  of  Supportingr  Cells. — The  cells  are 
usually  mounted  on  racks  made  of  heavy  wooden  framework 
securely  braced.  It  must  be  remembered  that  these  cells  are 
heavy,  and  sagging  of  the  framework  is  not  allowable,  as  it 
may  result  in  broken  cells.  If  there  is  plenty  of  space  avail- 
able, the  cells  should  be  in  a  single  tier,  in  which  case  all  the 
framework  that  is  necessary  is  a  set  of  stringers  properly 
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fastened  together.  Fig.  14  shows  a  framework  recom- 
mended by  the  Electric  Storage  Battery  Company  for 
those  places  where  it 
is  necessary  to  ar- 
range the  cells  in 
two  tiers.  Each  cell 
is  placed  in  a  shal- 
low wooden  tray  a 
partly  filled  with 
sand,  and  each  tray 
is  set  on  four  single 
petticoat  glass  insu- 
lators. The  sand  dis- 
tributes the  strains 
on  the  glass  jar  and 
avoids  breakage. 
Where  wooden  tanks 
are  used,  these  trays 
are  not  necessary. 
Fig.  15  shows  the 
shape  of  the  glass 
insulators.  Any  cur- 
rent leakage  from  the 
cells  has  to  take  place 
over  the  petticoat  a, 
taking  the  long  path 
indicated  by  the  dot- 
ted line. 


29.   Placing  Ele- 
ments In  Jar. — The 

elements  and  jars  are 

shipped  separately,      "F 

so    that  the   battery 

usually  has  to  be  as-      Q 

sembled  at  the  place 

where  it  is  to  be  used.     The  plates  should  be  unpacked 

carefully,  because  if  handled  roughly  they  may  be  bent  or 
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otherwise  damaged.  The  positive  and  negative  plates  are, 
except  in  the  case  of  very  large  cells,  connected  together 
in  groups;  the   positive   group  is   easily  distinguished  by 

its  dark-brown,  color.  Fig.  16 
shows  the  various  parts  of  a 
Chloride  accumulator  after 
they  have  been  unpacked  and 
separated;  a  is  the  negative 
group,  b  the  positive,  c  the 
^*°-^  jar,    d   the   wood    diaphragms 

for  placing  between  the  plates,  e  the  slotted  wood  sep- 
arators for  slipping  over  the  diaphragms  and  holding 
them  up  in  place,  and  /  one  of  the  diaphragms  with  its  pair 
of  slotted  wood  separators  in  place.  The  block  g  is  used 
in  mounting  and  arranging  the  elements  and  the  lead-covered 
brass    screws  h    are    for  bolting  the  terminals  of   the  cell 
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together.  Before  placing  the  board  diaphragms  between  the 
plates,  the  grain  of  the  wood  always  being  parallel  to  the 
edges  or  sides  of  the  plates,  two  of  the  slotted  wood  sep- 
arators must  be  slipped  over  each  board  and  spaced  \\  inches 
from  the  edge.  The  elements  are  then  slipped  together,  as 
shown  in  Fig.  17  (a),  and  the  diaphragms  adjusted  in  place. 
The  whole  group  of  elements  is  then  lifted,  by  means  of 
a  broad  piece  of  webbing,  on  to  the  block  mentioned  above. 
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This  allows  the  diaphragms  to  be  pushed  down  into  place, 
and  the  elements  further  adjusted,  as  shown  in  Fig.  17  (d). 
The  elements  are  then  lifted  by  means  of  the  webbing,  as 
shown  in  (r),  and  gently  lowered  into  the  jar. 


(c) 
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Though  this  method  of  placing  plates  refers  particularly 
to  the  Chloride  accumulator  it  can  be  used  with  almost  any 
of  the  ordinary  types  of  storage  cell.  After  the  cells  have 
been  assembled  the  lead  terminals  should  be  well  scraped  at 
the  point  where  they  are  bolted  together  in  order  to  secure 
good  electrical  contact. 

46B— 4 
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THE  EIjECTROIjYTE 
30.  MixinfiT  the  Electrolyte. — The  electrolyte  used 
in  storage  batteries  diflEers  slightly  with  different  makes  of 
cell;  it  is  always  dilute  sulphuric  acid,  but  the  specific  gravity 
of  the  solution  recommended  by  different  manufacturers 
varies  somewhat.  The  electrolyte  should  have  a  specific 
gravity  of  1.20  to  1.24,  as  indicated  by  the  hydrometer  when 
the  cells  are  charged.  The  specific  gravity  is  taken  at  nor- 
mal temperature  of  about  60®  F.  Most  manufacturers  of 
storage  cells  furnish  electrolyte  ready  mixed,  but  it  can  be 
prepared  by  diluting  suitable  commercial  sulphuric  acid 
(oil  of  vitriol)  with  pure  water.  In  selecting  sulphuric  acid 
none  but  the  sulphur  or  brimstone  acid  should  be  used; 
acid  made  from  pyrites  is  liable  to  contain  impurities,  such  as 
iron  or  arsenic.  It  is  absolutely  essential  that  the  acid  and 
water  be  free  from  impurities,  such  as  iron,  arsenic,  and 
nitric  or  hydrochloric  acid.  When  diluting,  the  acid  must  be 
poured  slowly  and  with  great  caution  into  the  water;  do  not 
pour  water  into  the  acid  because  the  sudden  evolution  of  heat 
and  the  consequent  boiling  action  may  throw  acid  into  the 
operator's  face.  The  proportions  of  acid  (of  1.84  specific 
gravity  or  66°  Beaume)  and  water  are  1  part  of  acid  to  5  of 
water  (by  volume).  The  vessel  used  for  the  mixing  must 
be  a  lead-lined  tank,  or  one  of  wood  that  has  not  been  used 
for  other  purposes;  a  wooden  wash  tub  or  spirits  barrel 
answers  very  well.  The  electrolyte  when  placed  in  the  cell 
should  come  i  inch  above  the  top  of  the  plates.  Before  put- 
ting the  electrolyte  in  the  cells,  the  circuits  connecting  the 
battery  with  the  charging  source  should  be  complete.  The 
positive  pole  of  the  charging  source  must  be  connected  to 
the  positive  pole  of  the  battery.  Also,  care  must  be  taken 
in  placing  the  cells  to  see  that  positive  and  negative  poles  of 
adjacent  cells  are  connected  together.  It  is  an  easy  matter 
to  connect  one  or  more  cells  backwards  if  the  terminals  are 
not  closely  inspected  when  the  cells  are  being  connected. 
After  the  electrolyte  has  been  placed  in  the  jars,  the  battery 
should  be  charged  at  once,  if  possible;  in  any  event,  the  cells 
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should  never  be  allowed  to  stand  more  than  2  hours  after  the 
electrolyte  has  been  placed  in  them,  before  they  are  charged. 
The  value  at  which  the  density  of  the  electrolyte  should  be 
maintained  is  usually  specified  by  the  manufacturer,  but  it  is 
generally  in  the  neighborhood  of 
1.2;  automobile  batteries  are  usually 
supplied  with  an  electrolyte  having 
a  slightly  higher  density.  During 
regular  operation  of  the  battery,  the  , 
density  of  the  electrolyte  changes; 
as  the  battery  is  charged  the  specific 
gravity  rises  until  it  reaches  a  max- 
imum not  necessarily  fixed;  when 
the  battery  is  discharged  the  spe- 
cific gravity  lowers.  The  acid  does 
not  evaporate  so  that  any  evapora- 
tion of  the  electrolyte  should  be 
made  up  by  the  addition  of  water; 
however,  a  certain  small  amount  of 
acid  may  be  thrown  off  in  the  form 
of  fine  spray  or  be  absorbed  by 
sediment  in  the  bottom  of  the  cell. 
The  addition  of  some  acid  every 
1  or  2  years  is,  therefore,  necessary 
in  order  to  maintain  the  specific 
gravity  at  the  standard  density. 
The  most  convenient  way  of  adding 
the  acid  is  to  prepare  a  mixture  of 
acid  and  water  having  a  density  of 
about  1.4,  and  add  as  much  of  this 
as  may  be  necessary.  As  men- 
tioned above,  it  is  particularly  im- 
portant that  the  acid  be  free  from 
impurities;  if  there  is  any  doubt  on  ^'®-  ^ 

this  score  a  sample  should  be  analyzed.  As  the  proper  per- 
formance of  a  battery  depends  very  much  on  the  condition 
of  the  electrolyte,  hydrometer  readings  should  be  taken  at 
regular  weekly  intervals. 
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31.  Hydrometers. — In  order  to  facilitate  the  deter- 
mination of  the  density  of  the  electrolyte,  special  forms  of 
liydrometers  are  used  in  connection  with  storage-battery 
work.  Fig.  18  shows  two  styles  of  battery  hydrometer 
suitable  for  use  in  stationary  cells  where  there  is  plenty  of 
room  around  the  plates  for  placing  the  hydrom- 
eter in  the  liquid.  The  larger  size  is  preferable, 
as  the  density  can  be  determined  more  easily  and 
more  closely  than  with  the  smaller,  which  is  only 
used  in  cells  where  there  is  not  sufficient  room 
for  the  larger  size.  Each  of  the  hydrometers  has 
a  small  bulb  at  the  lower  end  and  that  contains  a 
quantity  of  fine  shot.  Some  hydrometers  have 
mercury  in  the  bulb,  but  shot  is  preferable  because, 
if  the  bulb  becomes  broken,  no  mercury  as  an 
impiuity  is  introduced  into  the  electrolyte.  More- 
over, if  mercury  gets  into  a  lead-lined  tank  it 
attacks  the  lead  lining  or  rather  amalgamates  with 
it  and  a  leak  is  likely  to  result.  The  air  in  the 
large  bulb  floats  the  hydrometer,  which,  when 
placed  in  the  electrolyte,  stands  upright,  and  the 
reading  on  the  stem  is  taken  at  the  point  where 
it  emerges  from  the  liquid. 

Fig.  19  shows  a  style  of  hydrometer  more  par- 
ticularly adapted  to  cells  where  it  would  be  difficult 
to  place  a  hydrometer  directly  in  the  liquid,  as, 
for  example,  in  automobile  batteries.   The  hydrom- 
Pio.  19       ^^^j.  ^  jg  placed  within  the  glass  tube  b,  and  by 
means  of  the  rubber  bulb  sufficient  electrolyte  can  be  drawn 
lip  to  float  the  hydrometer.     Enough  liquid  is  drawn  up  to 
fill  the  tube  up  to  the  mark  d  ground  on  the  glass,  and  the 
reading   is   taken  at  the  point  where   the   floating   tube  a 
emerges  from  the  liquid. 
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CHABGING 

32.  After  the  battery  has  been  set  up,  it  should  be  given 
a  full  charge  at  the  normal  rate.  The  rate  of  charging  is 
usually  the  same  as  the  8-hour  rate  of  discharge  as  specified 
by  the  manufacturers.  It  is  desirable  that  the  charging  be 
continued  uninterruptedly,  though  this  is  not  absolutely  essen- 
tial. The  charge  should  be  continued  until  it  is  certain  that  the 
charging  is  complete  according  to  the  signs  given  below.  It 
should  not  be  repeatedly  carried  beyond  the  full-charge  point, 
because  it  entails  an  unnecessary  waste  of  energy,  causes  a 
rapid  accumulation  of  sediment,  wastes  acid  through  spray- 
ing, and  what  is  still  worse,  shortens  the  life  of  the  plates. 
It  is  advisable  to  overcharge  the  batteries  slightly,  about 
once  a  week,  in  order  that  the  prolonged  gassing  may 
thoroughly  stir  up  the  electrolyte,  and  also  in  order  to  cor- 
rect any  inequality  in  the  voltage  of  the  cells  that  may  have 
developed.  At  the  end  of  the  first  charge  it  is  advisable  to 
discharge  the  battery  about  one-half,  and  then  immediately 
recharge  it.  Repeat  this  operation  two  or  three  times,  and 
the  battery  will  then  be  in  condition  for  regular  use. 

33.  Indications  of  a  Complete  Charge. — A  complete 
charge  should  exceed  the  previous  discharge,  in  ampere- 
hours,  from  12  to  15  per  cent.  The  principal  indications  of 
a  complete  charge  are:  (1)  The  voltage  and  specific  gravity 
reach  a  maximum  value,  which  value  is  not  necessarily 
fixed;  for  example,  the  voltage  at  the  end  of  a  charge  may 
be  from  2.4  to  2.7.  (2)  The  amount  of  gas  given  off  at 
the  plates  also  increases  when  the  cells  are  fully  charged. 
(3)  The  positive  plates  become  a  dark  brown,  and  the 
negatives  a  light  gray.  (4)  With  all  the  cells  of  the  battery 
in  normal  condition,  with  pure  electrolyte  and  no  material 
lodged  between  the  plates  or  sediment  touching  them  at  the 
bottom,  the  maximum  voltage  and  specific  gravity  are 
reached  when,  with  the  charging  current  constant  at  the 
normal  rate,  there  is  no  further  increase  in  either  during  a 
period  from  i  to  i  hour;  for  example,  if  the  charge  has  beeni 
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earned  on  for  5  hours  with  a  gfradual  rise  in  the  voltage 
and  specific  gravity  during  that  time  and  with  an  additional 
i  hour  of  charging,  there  should  be  no  further  rise  in  either, 
then  the  charge  is  complete. 

34.  Voltage  at  End  of  Chargre. — The  voltage  at  the 
end  of  a  charge  is  not  always  the  same.  It  depends  on  the 
age  of  the  plates  and  the  temperature  of  the  electrolyte; 
hence,  both  of  these  must  be  taken  into  consideration  when 
determining  the  completion  of  a  charge.  When  the  battery 
is  first  installed,  the  voltage  at  the  end  of  the  charge  will  be 
2.5  volts  per  cell  or  higher,  at  normal  rate  of  charge  and  at 
normal  temperature.  As  the  age  of  the  battery  increases, 
the  point  at  which  it  will  be  fully  charged  is  gradually 
lowered  and  may  drop  as  low  as  2.4  volts  at  normal  rate 
and  temperature.  With  charging  rates  lower  than  the  nor- 
mal, the  voltage  at  the  end  of  the  charge  will  be  approxi- 
mately .05  volt  less  for  each  25  per  cent,  decrease  in  the  rate. 
For  example,  if  the  final  voltage  were  2.50  at  the  normal 
rate,  say,  of  1,000  amperes,  it  would  be  2.45  at  750  amperes, 
and  2.40  at  500  amperes.  If  the  temperature  is  increased 
above  normal,  the  final  charging  voltage  is  noticeably 
lowered,  and  vice  versa,  irrespective  of  the  age  of  the  plates. 
It  is  understood  in  the  preceding  that  all  voltage  readings 
are  taken  with  the  current  flowing;  readings  taken  with  the 
battery  on  open  circuit  are  of  little  value  and  are  frequently 
misleading.  After  the  completion  of  a  charge  and  when  the 
current  is  off,  the  voltage  per  cell  will  drop  to  about  2.15 
volts  and  then  to  2  volts,  or  slightly  less,  when  the  discharge 
is  started.  If  the  discharge  is  not  begun  at  once,  the  pres- 
sure will  quite  rapidly  drop  to  2.05  volts  and  remain  there 
while  the  battery  is  on  open  circuit.  Cells  should  never  be 
charged  at  the  maximum  rate  except  in  cases  of  emergency; 
if  charged  at  the  maximum  rate,  the  final  voltage  per  cell  will 
be  about  .05  volt  higher  than  if  charged  at  normal  rate. 
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DISCHARGING 

36.  One  o£  the  most  valuable  features  of  a  storage 
battery  is .  its  ability  to  deliver  large  currents  for  short 
intervals.  While  such  is  the  case,  repeated  heavy  overdis- 
charges  are  almost  sure  to  injure  the  cells  if  maintained  for 
a  considerable  time.  Batteries  should,  therefore,  be  dis- 
charged at  about  the  normal  rate  as  nearly  as  possible. 
The  amount  that  a  battery  has  discharged  can  be  determined 
in  the  same  manner  as  the  amount  of  charge,  i.  e.,  from 
voltage  and  specific-gravity  readings.  During  the  greater 
part  of  a  complete  discharge  the  drop  in  voltage  is  slight 
and  very  gradual  until  near  the  end,  when  the  falling  off 
becomes  much  more  marked.  The  limit  of  discharge  is 
reached  when  the  voltage  has  fallen  to  1.7  volts  per  cell; 
a  battery  should  never  be  discharged  below  this  point,  and 
in  ordinary  service  it  is  advisable  to  stop  the  discharge  con- 
siderably above  it.  Cells,  as  a  rule,  are  not  discharged  below 
1.75  volts,  and  1.7  represents  the  limit  that  should  not  be 
passed  under  any  circumstances.  If  a  reserve  is  to  be  kept 
in  the  battery  for  use  in  case  of  emergency,  the  discharge 
must  be  stopped  at  a  correspondingly  higher  voltage.  The 
fall  in  density  of  the  electrolyte  is  in  direct  proportion  to 
the  ampere-hours  tdken  out,  and  is,  therefore,  a  reliable 
guide  as  to  the  amount  of  discharge.  In  this  respect  it 
differs  from  the  drop  in  voltage,  which  varies  irregularly  for 
different  rates  of  discharge;  consequently,  the  specific  gravity 
of  the  electrolyte  is  the  more  satisfactory  guide.  The  actual 
amount  of  variation  in  the  strength  of  the  electrolyte  between 
full  charge  and  full  discharge  depends  on  the  quantity  of 
solution  compared  with  the  bulk  of  the  plates  in  the  cell. 
If  a  cell  contains  the  full  number  of  plates,  the  change  in 
specific  gravity  is  about  35  points.  With  fewer  plates  in  the 
same  size  containing  vessel,  the  range  will  be  lessened. 
Also,  at  higher  rates  of  discharge  than  normal  the  drop  in 
specific  gravity  will  be  less  because  of  the  smaller  number 
of  ampere-hours  discharged.  As  the  discharging  pro- 
gresses, the  positive  plates  become  somewhat  lighter  and 
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the  negatives  darker,  so  that  the  color  of  the  plates  is  a 
rough  indication  of  the  amount  of  discharge. 

After  a  battery  has  been  completely  discharged  it  should 
be  immediately  charged  again.  It  should  be  allowed  to 
stand  but  a  very  short  interval,  if  at  all,  before  recharging. 


MISCEIiliANEOUS  POINTS 

36.  Inspection  of  Cells. — In  order  to  secure  satis- 
factory operation  of  a  battery  each  of  the  cells  should  be 
inspected  at  regular  intervals.  The  voltage  of  individual 
cells  may  become  low,  the  electrolyte  may  not  be  of  the 
proper  specific  gravity,  or  foreign  substances  may  become 
lodged  between  the  plates  or  in  the  bottom  of  the  cell,  and 
regular  inspection  is  necessary  to  locate  any  such  defects 
that  may  develop.  Such  readings  as  are  taken  from  the 
cells  should  be  recorded  in  such  a  way  that  consecutive  read- 
ings can  be  easily  compared;  if  a  cell  is  acting  irregularly, 
the  fact  will  then  be  at  once  apparent.  Each  cell  should  be 
thoroughly  inspected  at  least  once  a  month.  This  can  be 
easily  done  by  examining  a  certain  number  of  cells  each  day 
in  case  the  battery  is  too  large  to  examine  all  the  cells  in  a 
single  day. 

For  the  inspection  of  individual  cells,  a  portable  lamp 
should  be  used  so  that  any  tendency  for  an  accumulation  or 
lodgment  of  material  between  the  plates  can  be  at  once 
noticed.  If  the  elements  are  in  glass  jars,  an  ordinary  lamp 
with  extension  cord  will  be  found  most  convenient;  by  hold- 
ing the  lamp  behind  the  jar  and  looking  through  between  the 
plates,  the  condition  of  the  cell  can  at  once  be  seen.  If 
wooden  tanks  are  used,  a  lamp  suitable  for  immersion  to  the 
bottom  of  the  electrolyte  will  be  needed.  When  examining 
a  cell  great  care  should  be  taken  to  look  between  all  the 
plates,  and  any  accumulation  of  material  should  be  removed 
at  once.  If  the  accumulation  is  from  the  plates  themselves, 
it  may  be  pushed  down  to  the  bottom  of  the  containing  ves- 
sel by  means  of  a  stick  of  hard  rubber  or  wood;  if  it  is  any 
foreign  substance  it  should  be  removed  from  the  cell.     A 
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metal  rod  should  never  be  used  for  removing  obstructions  in 
a  storage  cell;  it  is  sure  to  cause  short  circuits  and  do 
damage. 

In  addition  to  the  examination  of  the  cells  with  the  lamp, 
an  examination  should  be  made  near  the  end  of  each  charge 
to  see  if  all  the  cells  are  gassing  equally,  and  readings  of 
voltage  and  specific  gravity  should  be  taken  at  the  end  of  a 
prolonged  charge,  while  the  current  is  still  flowing.  If  any 
of  the  cells  show  readings  lower  than  normal  and  do  not  gas 
freely  at  the  end  of  the  charge,  they  should  be  examined  at 
once  with  a  cell  lamp  to  determine  the  cause  of  the  falling 
off.  Very  likely  it  is  due  to  short-circuiting  between  the 
plates,  caused  either  by  a  lodgment  of  material  in  the  inter- 
vening space  or  else  by  an  accumulation  of  mud  in  the 
bottom  of  the  cell.  ^ 

37.  It  is  advisable,  in  storage-battery  installations,  to  use 
recording  instruments  to  show  the  variations  in  voltage  or 
current.  There  are  many  types  of  these  instruments,  but 
in  most  of  them  a  paper  chart  is  moved  at  a  uniform 
rate  by  means  of  clockwork  and  on  it  the  pointer  of  the 
ammeter  or  voltmeter  draws  a  line  showing  the  variations  in 
voltage  or  current.  Sometimes  the  record  is  made  on  a 
straight  strip  of  paper  but  more  often  it  is  made  on  a  circular 
chart,  as  in  the  Bristol  recording  instruments.  Records 
of  this  kind  are  valuable  because  they  show  just  what  the 
battery  has  been  doing;  and  if  it  is  not  performing  sat- 
isfactorily, steps  can  at  once  be  taken  to  remedy  the 
defect.  The  most  generally  useful  instrument  is  a  recording 
voltmeter.  Recording  wattmeters  are  sometimes  used  where 
the  expense  is  warranted.  A  special  type  of  Thomson 
recording  wattmeter  is  made  for  this  purpose.  The  instru- 
ment is  provided  with  two  recording  dials,  one  of  which  is 
moved  by  the  meter  mechanism  when  the  battery  is  charging 
and  the  other  when  it  is  discharging.  The  amount  of  charge 
given  to  the  battery  during  any  given  period  can  thus  be 
compared  with  the  amount  of  discharge  and  the  watt-hour 
efficiency  thereby  determined. 
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38.  GettinfiT  IjO-w  Cells  Into  Normal  Condition. — ^A 

cell  that  has  become  low  will  generally  require  more  than 
the  usual  amount  of  charging  to  get  it  into  condition  again 
after  the  cause  of  the  trouble  has  been  removed.  The 
simplest  way  of  doing  this  is  to  overcharge  the  whole  battery 
until  the  low  cells  are  brought  up  to  the  proper  point,  but 
care  must  be  taken  not  to  carry  this  to  excess.  Another 
method  is  to  cut  the  low  cells  out  of  circuit  over  one  or  two 
discharges,  and  then  cut  them  in  on  the  charges.  A  third 
method  is  to  give  the  faulty  cells  an  individual  charge  while 
the  other  cells  are  on  the  discharge;  the  most  convenient  way 
of  doing  this  is  by  means  of  a  small  motor-driven  dynamo. 
Before  putting  a  cell  that  has  been  defective  into  service 
again,  care  should  be  taken  to  see  that  all  the  signs  of  a  full 
charge  are  present. 

39.  Sediment  In  Cells. — After  cells  have  been  in 
service  for  some  time  there  is  an  accumulation  of  sediment 
in  the  bottom  caused  by  small  particles  dropping  from  the 
plates.  This  sediment  should  never  be  allowed  to  touch -the 
bottom  of  the  plates  and  thus  short-circuit  them;  it  should  be 
carefully  watched,  especially  under  the  middle  plates,  as  it 
accumulates  there  more  rapidly  than  under  the  side  plate^. 
If  there  is  any  free  space  at  the  end  of  the  cells,  the  sediment 
can  be  raked  from  under  the  plates  and  then  scooped  up;  the 
device  used  for  this  purpose  must  have  no  metal  in  its  make- 
up. If  this  method  is  impracticable,  the  electrolyte  should  be 
drawn  off  into  clean  containing  vessels  after  the  battery  has 
been  fully  charged.  The  cells  should  then  be  thoroughly 
flushed  with  water,  from  the  local  water  supply,  in  such  a 
way  as  to  stir  up  the  sediment  thoroughly  and  get  it  out  of 
the  cells.  All  the  water  should  then  be  drawn  off;  if  the 
cells  are  too  low  for  siphoning,  a  rotary  pump  with  bronze 
parts  should  be  used.  After  the  cells  have  been  thoroughly 
cleaned,  the  electrolyte  should  be  at  once  replaced  before  the 
plates  have  had  a  chance  to  become  dry,  and  thus  necessitate 
the  long  charge  required  by  dry  plates.  In  addition  to  the 
electrolyte  withdrawn,  new  electrolyte  must  be  added  to  make 
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good  that  displaced  by  the  sediment;  this  should  be  of  1.3  or 
1.4  specific  gravity  to  counteract  the  effect  of  the  water 
absorbed  by  the  plates  during  the  washing  process,  and  also 
to  reduce  the  bulk  of  the  new  supply.  The  electrolyte  must 
be  kept  free  from  impurities;  if  it  is  known  that  any  impurity, 
especially  any  of  the  metals  other  than  lead,  or  other  acid 
has  got  into  a  cell  in  any  except  very  minute  quantities,  the 
electrolyte  should  be  renewed  immediately. 

40.  Battery  Used  Occasionally. — When  the  battery  is 
used  but  occasionally,  or  if  the  discharge  is  at  a  very  low 
rate,  the  battery  should  be  given  a  weekly  freshening  charge. 

41.  Puttlngr  Battery  Out  of  Commission. — If  the  use 

of  the  battery  is  to  be  discontinued  for  a  considerable  time, 
say  6  months  or  more,  it  is  usually  best  to  take  it  entirely 
out  of  service  by  withdrawing  the  electrolyte.  This  should 
be  done  as  follows:  After  giving  a  complete  charge,  siphon 
off  the  electrolyte  into  convenient  receptacles,  preferably 
carboys  that  have  previously  been  cleaned  and  have  never 
been  used  for  other  kinds  of  acid.  As  each  cell  is  emptied, 
immediately  refill  it  with  water.  After  water  has  been  placed 
in  all  the  cells,  begin  discharging  and  continue  until  the  volt- 
age falls  to  or  below  1  volt  per  cell  at  normal  load.  Then 
draw  off  the  water;  the  battery  may  then  stand  without 
further  attention  until  it  is  needed  again. 

42.  Puttlngr  Battery  Into  Commission. — To  put  a 

battery  into  commission  proceed  in  the  same  manner  as  when 
giving  the  battery  its  first  charge.  First  make  sure  that  the 
polarity  of  the  charging  source  has  not  been  altered  during 
the  interval  that  the  battery  has  been  out  of  use,  and  that  the 
positive  pole  of  the  battery  connects  to  the  positive  pole  of 
the  charging  source.  Put  in  the  electrolyte  and  begin  char- 
ging at  once  at  the  normal  rate,  and  continue  until  the  charge 
is  complete;  from  25  to  30  hours  at  this  rate  will  be  required. 

43.  Cadmium  Test. — It  may  sometimes  happen  that 
the  plates  of  a  cell  are  unevenly  acted  on;  that  is,  the  mate- 
rial on  one  plate  may  be  wholly  changed  during  the  charge, 
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while  that  on  the  other  plate  may  be  only  partially  changed. 
When  the  cell  is  discharged,  it  is  evident  that  under  these 
conditions  the  voltage  will  fall  oflE  sooner  than  it  should 
because  the  capacity  of  the  cell  will  be  limited  by  the  capacity 
of  the  partially  converted  plate.  In  order  to  determine  the 
existence  of  such  a  condition  it  is  necessary  to  test  each  of 
the  plates  sejjarately  because  the  voltage  of  the  cell  as  a 
whole  will  not  indicate  the  relative  condition  of  the  plates. 
In  order  to  make  the  test,  a  third  electrode,  consisting  of  a 
piece  of  cadmium,  is  used;  a  piece  of  zinc  could  be  used  if  it 
were  chemically  pure.  The  cadmium  test  piece  is  dipped 
into  the  electrolyte  and  the  voltage  between  it  and  the  plates 
of  the  battery  measured  by  means  of  a  low-reading  voltmeter. 
Care  should  be  taken  to  see  that  the  cadmium  is  not  allowed 
to  touch  either  plate.  If  both  plates  are  fully  charged,  and 
the  normal  charging  current  flowing  through  the  battery,  the 
voltage  between  the  positive  and  negative  plates  will  be 
about  2.45  to  2.5  volts.  The  voltage  between  the  cadmium 
and  the  negative  plate  will  be  about  .18  or  .19  and  between 
the  cadmium  and  positive  plate  about  2.3  volts,  the  voltage 
of  the  cell  being  the  sum  of  the  two  readings.  When  the 
battery  has  been  discharged  until  the  voltage  per  cell  is 
reduced  to  1.8  or  1.75  volts,  the  voltage  between  the  cadmium 
test  piece  and  the  positive  plate  will  be  about  2.05  and 
between  the  cadmium  and  negative  about  .25,  the  voltage 
of  the  cell  being  the  difference  of  the  two  readings.  When 
the  cell  is  fully  discharged,  the  cadmium  is  positive  to  both 
plates;  when  it  is  fully  charged,  the  cadmium  is  positive  with 
regard  to  the  positive  plate  and  negative  with  regard  to  the 
negative  plate.  All  the  readings  given  above  and  the  state- 
ments regarding  the  polarity  of  the  cadmium  with  respect  to 
the  plates  assume  that  the  normal  charging  or  discharging 
current  is  flowing  when  the  readings  are  taken. 

44.  Salphatlngr* — ^Unless  a  battery  is  properly  looked 
after,  sulphatingr  is  liable  to  set  in,  and  if  allowed  to  go  too 
far  may  cause  a  great  deal  of  trouble.  As  already  explained, 
lead  sulphate,  PbSO^,  is  formed  during  each  discharge  of  a 


Digitized  by 


Google 


§27  STORAGE  BATTERIES  45 

cell.  This  sulphate  does  no  harm;  in  fact,  it  is  essential  to 
the  operation  of  the  cell.  However,  under  certain  conditions 
a  white  insoluble  sulphate,  Pd^SO,,  may  be  formed,  and  it  is 
this  that  is  credited  with  the  action  known  as  sulphating. 
When  a  cell  is  sulphated,  the  plates,  more  particularly  the 
positive,  become  covered  in  spots  with  this  white  insoluble 
sulphate,  which  is  difficult  to  remove.  As  the  sulphate 
usually  accumulates  in  patches  and  as  it  prevents,  to  a  large 
extent,  chemical  action  on  the  active  material  underneath  it, 
the  capacity  of  the  cell  is  reduced  and  the  uneven  action  is 
liable  to  lead  to  buckling:  unless  the  mechanical  structure  of 
the  plate  is  such  that  buckling  is  practically  impossible.  The 
most  frequent  causes  of  sulphating  are  overdischarging, 
wrong  specific  gravity  of  electrolyte,  and  allowing  the  battery 
to  stand  for  a  considerable  length  of  time  in  a  discharged 
condition;  if  a  battery  is  looked  after,  as  it  should  be,  there 
will  be  little  trouble  from  this  source.  If  cells  are  repeatedly 
discharged  below  1.7  volts,  sulphating  may  be  expected;  too 
strong  an  electrolyte  will  also  cause  it.  At  the  end  of  a 
complete  charge,  a  lodgment  of  white  powder  that  may  easily 
be  brushed  off  will  sometimes  be  noticed  on  top  of  the  plates; 
provided  the  body  of  the  plates  is  the  proper  color,  no  atten- 
tion need  be  paid  to  this  powder  as  it  is  composed  of  particles 
from  the  plates  thrown  off  by  the  gassing  at  the  end  of  the 
charge;  these  particles  become  sulphated  and  of  a  light  color 
while  in  suspension  in  the  electrolyte. 

In  case  white  insoluble  sulphate  appears  on  the  plates,  the 
battery  should  be  given  a  long  continued  charge  at  a  low 
rate,  somewhat  below  the  normal  8-hour  rate  until  the  cells 
give  all  the  signs  of  a  full  charge,  and  the  plates  have 
resumed  their  normal  color.  In  case  of  badly  sulphated  cells, 
the  color  of  the  positive  becomes  lighter  than  normal  and  the 
negatives  considerably  darker. 

46.  Treatment  of  End  Cells. — In  order  to  allow  the 
voltage  of  a  battery  to  be  varied,  a  number  of  cells  at  one 
end  are  frequently  arranged  so  that  they  may  be  cut  into  or 
out  of  circuit.    These  are  called  end  cells.     Owing  to  the 
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fact  that  these  cells  are  cut  in  and  out  of  circuit,  they  are 
specially  liable  to  become  unevenly  discharged  and,  there- 
fore, require  more  attention  than  the  remainder  of  the  cells. 
They  are  successively  cut  into  service  on  the  discharge; 
hence,  on  the  charge  they  should  be  successively  cut  out  in 
the  reverse  order,  otherwise  the  ones  that  were  last  cut  in  will 
be  overcharged.  Special  care  should  be  taken  in  regard  to 
this,  as  it  is  easy  to  forget  that  a  number  of  the  cells  were 
not  cut  into  circuit  until  probably  near  the  end  of  the  dis- 
charge, and  thus  require  but  a  small  proportion  of  the  amount 
of  charge  required  for  the  main  battery.  As  an  aid  in  deter- 
mining the  state  of  charge  of  the  end  cells,  there  is  usually 
installed  on  the  switchboard  a  multi-circuit  voltmeter  switch 
by  which  the  voltage  of  each  end  cell  can  be  obtained. 
If  any  of  the  end  cells  are  not  used  regularly  or  stand  idle, 
they  should  be  given  a  complete  charge  once  a  week. 


SIMPL.E    CONNECTIONS    FOR    CHABOINO 

46.  Where  cells  are  used  for  portable  purposes  it  is 
necessary  to  provide  some  convenient  means  for  charging 
them  from  the  ordinary  sources  of  electrical  supply.  The 
best  method  of  doing  this  will  depend  on  the  available  source 
of  charging  current.  It  goes  almost  without  saying  that 
alternating  current,  as  such,  cannot  be  used  for  charging  a 
battery,  and  when  it  is  the  only  available  source,  some  means 
must  be  provided  for  changing  it  to  direct  either  by  means 
of  an  alternating-current  motor  coupled  to  a  direct-current 
dynamo,  or  by  a  rotary  or  mercury- vapor  converter.  If  the 
ordinary  110- volt,  direct-current,  lighting  circuit  is  avail- 
able, it  is  an  easy  matter  to  charge  the  cells  as  indicated  in 
Fig.  20  (a) .  A  double-pole  switch  a  with  fuses  b  is  connected 
between  the  mains  and  the  battery  as  shown.  In  series  with 
the  battery  c  are  a  number  of  lamps  by  means  of  which  the 
charging  current  is  limited  to  the  proper  amount.  It  is 
advisable  to  connect  an  ammeter  d  in  circuit,  though  this  is 
not  absolutely  necessary.  The  number  of  lamps  required 
depends  on  the  line  voltage  and  on  the  charging  rate  of  the 
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cells.  If  the  line  pressure  is  100  to  120  volts  and  but  three  or 
four  cells  are  to  be  charged  with  a  current  of  5  amperes, 
then  five  32-candlepower  lamps  connected  as  in  Fig.  20  (a) 
will  be  sufficient.     If  16-candlepower  lamps  are  used,  it  will 
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be  necessary  to  connect  ten  in  parallel.  If  the  line  pressure 
is  500  volts  it  will  be  necessary  to  connect  twenty-five 
32-candlepower  lamps  in  five  rows  of  five  lamps  in  series  in 
each  row,  or  fifty  16-candlepower  lamps  in  ten  rows,  five 
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lamps  in  series  in  each  row  as  shown  in  (b).  In  case  it  is 
convenient  to  charge  at  a  lower  rate,  fewer  lamps  will  be 
needed,  but  the  time  for  charging  will  be  proportionately 
increased. 

Lamps  form  a  convenient  resistance  as  they  are  easily 
obtained,  but  an  adjustable  rheostat  r  is  frequently  used,  as 
shown  in  (c).  The  amount  of  resistance  required  in  the 
rheostat  can  be  easily  obtained  as  follows:  Let  N  be  the  num- 
ber of  cells  to  be  charged  in  series,  then  2  N  will  be  the 
approximate  voltage  for  charging,  since  each  cell  may  be 
taken  as  requiring  2  volts  at  the  beginning  of  the  charge. 
If  £  is  the  Ime  E.  M.  F.,  then  E'-2N  is  the  number  of 
volts  eflEective  in  forcing  current  through  the  circuit,  because 
the  E.  M.  F.  of  the  cells  is  opposed  to  that  of  the  line.  If  /  is 
the  charging  current,  then  the  resistance  of  the  circuit  will  be 

j?  =  ^-/^     (1) 

and  this  will  be  practically  equal  to  the  amount  of  resistance 
required  in  the  rheostat,  because  the  resistance  of  the  cells 
is  very  low. 

Example. — Twenty  storage  cells  are  to  be  charged  from  a  220-volt 
circuit.  How  much  resistance  should  be  connected  in  series  with  them 
if  the  charging  current  is  to  be  5  amperes? 

Solution. — From  formula  1,  i?  =  220,  A^=  20,  and  7=6;  hence, 

-,220-2X20^^.  . 

J^  = = —  36  ohms.    Ans. 

o 

This  resistance  should  be  adjustable  so  that  some  of  it  can  be  cut 
out  as  the  voltage  of  the  cells  increases,  and  it  must  be  made  of  wire 
large  enough  to  carry  at  least  5  amperes  without  overheating. 

Charging  with  resistance  in  series  is  at  best  a  makeshift 
because  it  involves  a  large  loss  of  energy;  as  a  rule,  it  is 
used  only  where  a  few  cells  are  to  be  charged  and  where  no 
other  method  is  available.  A  resistance  is  not  used  with 
regular  batteries  because  the  number  of  cells  is  such  that 
the  battery  can  either  be  connected  directly  across  the 
charging  circuit  or  else  used  in  connection  with  a  booster 
in  power  or  lighting  stations  or  with  motor  generators  in 
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telephone  or  telegraph  stations.  The  use  of  a  resistance 
involves  a  waste  of  energy,  but  in  the  case  of  small  portable 
batteries  this  waste  is  not  a  very  serious  matter,  especially 
as  the  use  of  the  series-resistance  gives  the  most  convenient 
and  simple  means  of  charging  from  existing  circuits. 

47.     CbargrinST  l^'i^om  Constant-Current  Arc  Circuit. 

Sometimes  cells  are  charged  from  constant-current  arc-light 
circuits,  but  the  practice  is  dangerous  and  this  source  of 
charging  current  should  never  be  used  if  any  other  is  avail- 
able. Constant-current  arc-light  dynamos  generate  a  very 
high  pressure,  and  as  arc-light  lines  are  nearly  always 
grounded  to  a  greater  or  less  extent,  there  is  quite  an 
element  of  danger  in  working  around  a  battery  that  is  being 
charged  from  such  a  source.  Great  care  must  be  taken  to 
see  that  the  arc-light  circuit  is  not  opened  when  the  battery 
is  being  switched  on  and  oflE.  This  method  of  charging  is 
shown  in  Fig.  20  {d),  where  /,  /  represent  arc  lamps.  In  this 
kind  of  circuit  the  current  is  maintained  at  a  constant  value, 
usually  from  6  to  10  amperes,  so  that  when  the  battery  is 
to  be  charged  it  must  be  placed  in  series  with  the  lamps. 
The  battery  is  cut  into  circuit  by  means  of  a  special  switch 
called  a  consumer* s  switch  y  which  is  constructed  so  that  it 
will  neither  open  the  circuit  nor  short-circuit  the  battery. 
This  is  done  by  means  of  a  contact  point  c  connected  to 
a  resistance  r.  When  the  broad  blade  is  moved  to  the 
dotted  position,  the  resistance  is  first  placed  in  series  so 
that  ihe  line  is  not  opened,  and  at  the  same  time  there  is 
no  short-circuiting  of  the  battery.  It  will  be  noticed  that 
when  the  switch  is  in  the  dotted  position,  the  resistance  is 
in  parallel  with  the  battery  so  that  part  of  the  main  current 
is  shunted  around  the  battery.  For  example,  the  main  cur- 
rent might  be  9  amperes  and  the  required  charging  current 
5  amperes,  in  which  case  the  resistance  should  be  such  that 
the  difference  between  the  two,  i.  e.,  4  amperes,  will  flow 
through  it.  The  pressure  between  the  terminals  of  the 
resistance  is  equal  to  the  E.  M.  F.  of  the  cells;  hence,  if  /  is 
the  current  shunted  through  the  resistance,  E  the  voltage  of 
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the  series  of  cells,  and  H  the  resistance,  then  X  is  easily 
obtained  from  the  relation  -^  =  -y. 

48.  Direction  of  Current. — When  chargfing  a  battery 
from  any  source,  especially  When  there  is  any  doubt  as  to  the 
direction  of  flow  of  the  current,  a  test  should  be  made  to 
determine  whether  or  not  the  positive  plates  are  connected 
to  the  positive  pole,  so  that  the  current  flows  in  at  this 
pole  when  the  battery  is  charging.  A  simple  method 
of  doing  this  is  to  attach  two  wires  to  the  mains,  connect 
some  resistance  in  series  to  limit  the  current,  and  dip  the 
free  ends  into  a  glass  of  acidulated  water,  keeping  the  ends 
about  1  inch  apart.  The  end  from  which  bubbles  of  gas  are 
given  oflE  most  freely  is  connected  to  the  negative  main,  so 
that  the  main  to  which  the  other  end  connects  is  the  one  to 
be  attached  to  the  positive  pole  of  the  battery.  Another 
convenient  method  of  testing  the  polarity  is  by  means  of  a 
Weston  voltmeter,  or  instrument  of  similar  type,  which  will 
give  a  deflection  over  the  scale  only  when  the  terminal 
marked  +  is  connected  to  the  positive  line. 

49.  Battery  Chargred  From  Dynamo. — Fig.  21  shows 
about  the  simplest  possible  arrangement  of  connections  for 
charging  a  storage  battery  from  a  dynamo,  all  appliances 
that  are  not  absolutely  necessary  having  been  left  out  in 
order  to  avoid  confusion.  A  is  a.  dynamo,  usually  either  of 
the  shunt-wound  or  compound-woimd  type;  /  is  the  rheostat 
in  the  shunt  field,  by  means  of  which  the  voltage  of  the 
machine  may  be  varied  through  a  considerable  range;  F  is  a 
voltmeter  connected  to  the  voltmeter  switch  S,  which  is  so 
arranged  that  the  voltmeter  may  be  connected  to  either  the 
battery  C  or  the  dynamo  A;  E  is  a,  double-pole  knife  switch, 
by  means  of  which  the  battery  may  be  thrown  in  connection 
with  the  dynamo;  F  is  an  ammeter  that  shows  the  amount 
of  thcr  charging  current.  The  ammeters  used  with  storage 
batteries  are  usually  made  with  their  zero  point  at  the 
middle  of  the  scale.  When  the  battery  is  charging,  the  needle 
is  deflected  to  one  side  of  the  zero  mark;  when  discharging. 
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it  is  deflected  to  the  other  side,  thus  showing:  at  a  glance 
which  way  the  cells  are  acting.  It  should  be  noted  that  the 
+  side  of  the  dynamo  is  connected  to  the  .+  side  of  the 
battery  when  the  switch  is  thrown  in,  the  direction  of 
the  charging  ciurent  being  indicated  by  the  arrows.  In  this 
case,  we  have  assumed  that  the  number  of  cells  to  be 
charged  is  sufficiently  great  to  take  up  the  voltage  of  the 
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dynamo;  if  this  were  not  the  case,  a  resistance  would  have 
to  be  inserted  in  series  with  the  battery.  Charging  is 
eflEected  as  follows:  Having  made  sure  that  the  connec- 
tions are  all  right,  and  that  switch  E  is  open,  get  the  dynamo 
up  to  speed.  Then  measure  the  voltage  of  the  cells  and 
adjust  the  field  rheostat  of  the  dynamo  until  the  voltage  of 
the  latter  is  from  5  to  10  per  cent,  higher  than  that  of  the 
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cells.  Throw  in  the  main  switch  and  adjust  the  rheostat 
until  the  ammeter  indicates  the  charging  current  called  for 
by  the  makers  .of  the  cells. 

The  outfit  shown  in  Fig.  21  is  sufficient  where  a  battery  is 
simply  to  be  charged  and  where  a  fairly  close  watch  can  be 
kept  on  it  while  the  charging  process  is  going  on.  Gen- 
erally, however,  the  connections 
must  be  arranged  so  that  the  cells 
may  be  either  charged  from  the 
dynamo  or  allowed  to  discharge 
into  the  line.      It   is   also   neces- 

[y~^TTr~jiKfr — rfVul  ^^^^  ^^  have  fuses  or  an  automatic 
^  ^T  ^«  ^      J     circuit-breaker  of    some    kind   to 

— i>l  1^  J  '  i'  i  Jl  protect  the  battery  against  over- 
loads. An  imderload  switch  is 
also  ponnected  between  the  cells 
and  the  dynamo,  as  indicated  by 
the  dotted  outline  A",  Fig.  21.  The 
duty  of  this  switch  is  to  prevent 
the  cells  from  discharging  into  the 
dynamo  and  running  it  as  a  motor; 
it  is,  usually,  an  automatic  switch 
controlled  by  an  electromagnet 
connected  in  series  between  the 
dynamo  and  the  battery.  If  for 
any  reason  the  current  drops  to  a  very  low  value,  the  elec- 
tromagnet releases  its  armature,  thus  opening  the  switch  and 
disconnecting  the  cells  from  the  machine. 

50,  Cutter  Automatic  Overload  and  Underload 
Switch. — Fig.  22  shows  a  special  automatic  switch  designed 
to  protect  the  dynamo  from  any  backward  rush  of  current 
and  also  to  protect  the  battery  from  overloads.  Two  coils 
a,  6  are  connected  in  series  between  the  battery  and  dynamo, 
as  indicated  at  A",  Fig.  21.  If  the  current  becomes  excessive, 
coil  6  pulls  up  a  core  that  releases  a  trip  and  allows  a  spring 
to  throw  the  arm  out,  thus  breaking  the  circuit  at  d,  d.  When 
the  battery  is  charging,  coil  a  holds  its  armature,  but  if  the 
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current  becomes  very  small,  as  it  must  do  before  it  begins  to 
reverse  and  flow  back  from  the  batteries,  the  armature  is 
released  and  causes  the  switch  to  open.  The  instrument  is 
therefore  a  protection  against  both  underload  and  overload. 
For  example,  a  battery  might  be  charging  and  the  speed 
of  the  dynamo  might  drop  or  the  belt  fly  oflE.  In  either  case, 
the  voltage  of   the  dynamo  would  drop  and  the  charging 

current  fall  to  zero.  l||||| ^ llllll 

If  the  circuit  were. fl'l'l'  l'l'|f^. 

not  opened,  a  cm:-     ^^ ^ 

rent  would  flow  from 
the  battery  through 
the  dynamo  and 
run  it  as  a  motor. 
Another  instance 
in  which  damage 
might  result  if  an 
underload  switch 
were  not  used  is  in 
case  the  field  cir- 
cuit of  the  dynamo 
should  become 
broken.  This  would 
reduce  the  E.  M.  F. 
of  the  dynamo  to 
zero  and  a  large 
rush  of  current  could 
take  place  through 
the  armature,  be- 
cause the  cells 
would  be  unable  to 
excite  the  field  so  as  to  enable  the  machine  to  generate  any 
counter  E.  M.  F.  as  a  motor.  In  the  case  of  a  compoimd- 
wound  dynamo,  a  backward  rush  of  current  might  result  in  a 
reversal  of  the  dynamo  field.  In  the  case  of  a  simple  shunt 
dynamo,  the  current  flows  around  the  shunt  in  the .  same 
direction  no  matter  whether  the  dynamo  is  charging  the 
battery  or  whether   the    battery   is   forcing   current   back 
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through  the  dynamo.  Fig.  23  shows  a  simple  switchboard 
suitable  for  a  small  plant  where  a  battery  is  used  in  conjunc- 
tion with  a  dynamo  for  lighting  or  other  purposes;  k  and  s 
are  double-pole  knife  switches  provided  with  fuses,  k  con- 
trols the  lighting  circuit  while  s  is  connected  to  the  dynamo 
through  the  underload  circuit-breaker  c.  The  ammeter  A  is 
connected  in  series  with  the  battery  b  and  indicates  the 
charging  or  discharging  current.  Fis  a  voltmeter  connected 
to  a  switch  p,  by  means  of  which  it  may  be  connected  across 
either  the  dynamo  or  the  battery;  r  is  the  handle  of  the  field 
rheostat  that  is  connected  in  series  with  the  shunt  field  of  the 
dynamo.  When  the  battery  is  being  charged,  the  switch  k 
is  open  and  the  switch  s  closed.  When  the  battery  alone  is 
furnishing  current  to  the  line,  s  is  open  and  k  closed.  If  it 
is  desired  to  have  both  battery  and  dynamo  furnish  current 
to  the  line,  both  switches  are  closed. 

In  Fig.  23,  it  will  be  noticed  that  no  provision  is  made  for 
varying  the  E.  M.  F.  of  the  battery,  either  by  cutting  cells 
in  or  out  or  by  any  other  means.  In  all  but  small  installa- 
tions such  provision  is  usually  necessary. 


USB    OP   ACCUMUIiATORS   IN  CENTRAIi  STATIONS 

51.  In  central  stations  furnishing  current  for  lighting 
or  other  purposes,  the  demand  for  current  varies  greatly  at 
different  periods  in  the  day;  for  example,  a  lighting  station 
in  a  large  city  will  probably  be  called  on  to  furnish,  from 
5  to  8  p.  M.,  ten  times  the  amount  of  current  that  i$  required 
from  5  to  6  A.  m.,  and  in  small  stations  the  disproportion 
is  even  greater.  As  economy  of  operation  demands  that 
the  engines  and  dynamos  be  worked  at  or  near  their  full 
capacity,  especially  if  the  engines  be  compound  or  triple 
expansion,  both  of  these  conditions  can  be  met  only  by 
dividing  the  machinery  into  a  large  number  of  small  units,  or 
by  using  some  system  of  storage  of  the  electrical  energy. 
In  the  first  case,  the  small  units  require  more  attention  and 
are  much  less  efficient  than  larger  ones,  so  that  most  mod- 
em large  stations  have  their  machinery  divided  into  a  few 
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large  units,  employing 
large  compound  en- 
gines. Storage  batteries 
can  be  used  to  great 
advantage,  therefore,  in 
connection  with  stations. 
The  way  in  which  they 
are  used  will,  however, 
depend  largely  on  the 
nature  of  the  load,  and 
the  following  will  point 
out  the  more  common 
methods. 

52,     Battery  Ta- 
king Peak  of   lioad. 

Probably  the  most  com- 
mon method  of  using  a 
central-station  battery  is 
to  charge  it  during  inter- 
vals of  light  load  and 
discharge  it  when  the 
heavy  load  comes  on;  in 
other  words,  make  it 
take  the  peak  of  the 
load.  Fig.  24  shows  the 
load  line  of  a  lighting 
station  where  a  battery 
is  used  in  this  way.  The 
full  line  shows  the  varia- 
tion in  the  output  of 
the  station  for  a  period 
of  one  week  beginning 
on  a  Sunday  at  12:30 
A.  M.  Each  horizontal 
division  represents  3 
hours  and  each  vertical 
division    250    amperes. 
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On  Sunday,  the  load  is  light  and  the  battery  is  allowed  to 
charge,  as  shown  by  the  double-shaded  area,  from  12:30 
until  about  10  A.  m.  All  the  generating  plant  is  then  shut 
down  and  the  whole  load  carried  by  the  battery  for  about 
8  hours.  The  generators  are  again  started  about  4  p.  m. 
and  in  addition  to  carrying  the  load,  they  charge  the  bat- 
tery until  a  little  after  3:30  on  Monday  when  the  heavy  load 
begins  to  come  on.  The  load  rises  very  rapidly  between 
3:30  and  6:30  and  reaches  a  maximum  of  4,600  amperes— of 
which  nearly  1,750  amperes  is  supplied  from  the  battery,  as 
indicated  by  the  single-shaded  area.  After  the  load  has 
dropped  to  about  2,600  amperes,  the  charging  is  again 
started  and  so  on  throughout  the  week.  On  Saturday,  the 
peak  of  the  load  is  not  as  high  as  on  the  other  week  days,  but 
it  is  broader  on  account  of  the  earlier  closing  of  offices  and 
later  closing  of  retail  stores. 

By  examining  Fig.  24,  the  great  advantage  of  the  battery 
is  at  once  apparent.  If  no  battery  were  provided,  generating 
equipment  capable  of  supplying  the  maximum  output  of 
4,600  amperes  would  be  necessary.  With  the  battery,  the 
generator  output  never  exceeds  2,950  amperes,  approxi- 
mately, so  that  the  battery  takes  the  place  of  engines,  boilers, 
and  dynamos  equivalent  to  an  output  of  1,650  amperes.  The 
combined  areas  in  Fig.  24  representing  the  charge,  must  of 
course  be  somewhat  greater  than  the  combined  areas  of 
discharge,  because  the  ampere-hour  efficiency  is  less  than  1. 

There  are  many  advantages  incident  to  the  use  of  the 
battery  other  than  the  saving  in  generating  equipment.  The 
battery  is  valuable  as  an  insurance  against  complete  shut- 
downs in  case  of  serious  accident  to  the  generating  equip- 
ment. It  also  holds  a  supply  of  energy  that  is  instantly 
available  in  case  of  a  sudden  demand  for  current  caused,  for 
example,  by  darkness  due  to  a  storm.  It  is  of  very  great 
benefit  in  preventing  voltage  fluctuations  on  the  system  as  a 
whole,  thus  making  tl^e  lights  burn  steadier  and  last  longer. 
By  installing  a  battery  in  a  station  of  given  generating  equip- 
ment, the  output  of  the  station  and  the  revenue  obtained 
therefrom  can  be  considerably  increased  without  additional 
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expenditure  for  generating  equipment.  Moreover,  the 
equipment  already  installed  will  be  worked  to  the  best 
advantage,  because  the  load  on  the  engines  and  dynamos 
can  be  kept  more  nearly  uniform  and  also  more  nearly  at  the 
full  capacity  of  the  units  employed,  thus  securing  maximum 
efficiency  of  operation.  Against  these  various  advantages 
must  be  set  the  cost  of  the  battery,  the  expense  of  looking 
after  it,  and  the  allowance  for  deterioration  which  with 
storage  batteries  is  greater  than  with  engines  or  dynamos. 
'The  fact,  however,  that  so  many  large  central  stations  are 
installing  storage  batteries  or  are  adding  to  their  present 
installations,  is  the  best  proof  that  they  are  desirable  and 
that  a  distinct  saving  is  effected  by  their  use. 

53.  Battery  Used  to  Carry  Whole  Lioad. — In  Fig.  24, 
a  case  was  shown  of  where  the  battery  is  used  to  carry  the 
whole  load  on  Sunday.  This  allows  all  the  machinery  to  be 
shut  down  for  8  hours  and  gives  a  good  opportunity  for 
inspection  or  repairs,  besides  allowing  the  operation  of  the 
station  with  a  small  working  force. 

54.  Battery  Used  to  Take  Up  Fluctuations  In  Load. 

In  street-railway  power  stations  of  small  or  moderate  size,  or 
in  substations  supplied  from  a  large  central  station,  the  out- 
put varies  between  wide  limits  owing  to  the  starting  and 
stopping  of  the  cars,  and  if  a  storage  battery  is  not  used 
the  station  machinery  must  stand  these  wide  and  rapid 
fluctuations.  This  is  liable  to  strain  the  engines  and 
dynamos  to  say  nothing  of  its  being  an  uneconomical 
method  of  working.  Also,  wide  and  rapid  variation  of  load 
on  the  generating  outfit  is  almost  sure  to  cause  considerable 
variation  in  voltage.  Storage  batteries  are  now  largely  used 
in  railway  power  stations  to  take  up  these  fluctuations,  dis- 
charging when  the  load  is  heavy  and  charging  when  it 
becomes  light.  Regulating  appliances  make  this  action 
automatic,  so  that  the  load  on  the  generating  outfit  is  kept 
nearly  uniform. 

Fig.  25  shows  the  current  output  from  a  street-railway 
station  equipped  with  a  battery  of  258  Chloride  cells.     The 
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full  line  shows  the  station  output,  which  varies  from  a 
minimum  of  less  than  100  amperes  to  a  maximum  of  over 
850  amperes.  It  will  be  noted  that  this  load  diagram  is  for 
an  interval  of  15  minutes  only,  so  that*  the  variations  are 
very  sudden.  In  spite  of  these  sudden  variations,  the  load 
on  the  dynamos  is  kept  within  350  and  400  amperes,  as  shown 
by  the  dotted  line,  the  double-sectioned  areas  above  this  line 
representing  discharge  intervals,  and  those  below  the  line 
charge  intervals.  The  ampere-hours  discharge,  indicated  in 
Fig.  25  by  the  combined  double-sectioned  areas,  is  con-* 
siderably  greater  than  the  charge,  as  represented  by  the 
single-shaded  areas.  It  must  be  remembered,  however,  that 
the  interval  of  time  represented  is  only  15  minutes.     If  the 
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load  curve  were  drawn  for  a  longer  period,  say  24  hours, 
the  charge  would  likely  be  in  excess  of  the  discharge,  since 
the  regulating  appliances  are  usually  adjusted  so  that  suffi- 
cient charge  is  given  to  the  battery  during  its  regular  opera- 
tion to  make  up  for  the  discharge  and  thus  render  extra 
charging  unnecessary. 

The  curves  in  Fig.  26  are  taken  from  a  street-railway 
substation  from  which  current  is  supplied  from  a  rotary 
converter  used  in  conjunction  with  a  storage  battery  to  take 
up  the  load  fluctuations.  In  this  case  the  charge  and  dis- 
charge areas  of  the  battery  curve  are  more  nearly  equal  than 
in  Fig.  26.  The  load  on  the  rotary  converter  is  here  plotted 
separately  and  the  lowest  curve  represents  the  total  output 
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of  the  substation  obtained  by  adding  the  battery  and  rotary- 
converter  load  curves  together,  charging  currents  being  taken 
as  negative  and  hence  subtracted  from  the  converter  output 
to  obtain  the  current  delivered  to  the  line.  The  load  on  the 
converter  remains  comparatively  steady,  between  75  and 
100  amperes,  while  the  line  current  varies  from  below 
25  amperes  to  over  325  amperes.  The  readings  only  cover 
a  period  of  20  minutes  and  the  fluctuations  in  load  are  very 
rapid,  yet  the  load  on  the  converter  and  hence  the  current 
supplied  to  the  substation  from  the  line  is  kept  fairly  steady 
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and  is  small  compared  with  the  maximum  that  would  be 
required  if  the  battery  were  not  used. 

55.  Battery  Out  on  Liine. — Batteries  are  frequently 
placed  at  the  end  of  feeders  supplying  certain  sections.  By 
this  means  the  voltage  at  the  distributing  center  is  main- 
tained at  a  nearly  uniform  value,  the  variations  of  load  in  the 
central  station  are  reduced,  and  the  feeders  are  worked  to  the 
best  possible  advantage.  This  method  of  using  a  battery  will 
be  understood  by  referring  to  Fig.  27,  which  shows  a  three- 
wire  network  D  of  incandescent  lamps  supplied  from  a  dis- 
tributing center  or  substation  C,  which  is  in  turn  supplied  by 
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feeders  B  running  to  the  main 

station  A.    Under  normal  con-  ^ 

ditions,  the  battery  EF\^  con-  '^ 

nected  across  the  outside  lines, 
but  a  connection  to  the  neutral 
wire  from  the  middle  point  is 
provided  so  that  it  can  be  used 
if  necessary.  The  load  of 
lamps  represented  by  D  may 
be   much   in   excess   of    what 

could    be    supplied    over   the  ^ 

feeders  B  without  giving  rise 
to  a  prohibitive  drop  in  volt- 
age. If,  however,  a  battery  is  % 
installed,  it  may  be  charged 
during  the  daytime  when  the 
demand  on  the  feeders  is  small, 
and  thus  relieve  the  feeders  at 
night  when  the  heavy  load 
comes  on;  in  other  words,  by  ^ 
using  the  battery,  the  feeders 
are  worked  at  an  approximately 
uniform  rate  throughout  the 
day.  Looking  at  it  in  another 
way,  the  installation  of  the 
battery  out  on  the  line  allows 
a  larger  amount  of  work  to 
be  done  without  increasing 
either  the  feeder  or  generator 
capacity,  and  the  further  im- 
portant gain  is  made  that  a 
heavy  drop  in  voltage  in  the 
feeders  is  eliminated,  thus  ren- 
dering the  service  much  more 
satisfactory.                                                                                \ 

A  battery  installed  on  the 
line  regulates  automatically. 
When  the  demand  is  large,  the 
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drop  in  the  feeders  becomes  greater  than  normal,  thus  lower- 
ing the  pressure  at  the  battery  terminals  and  allowing  it  to 
discharge  into  the  line.  When  the  load  is  light,  the  drop  in  the 
feeders  is  small,  the  pressure  applied  to  the  battery  is  higher 
than  that  of  the  battery,  and  a  charging  current  flows  into  it. 

Fig.  28  shows  the  variation  in  output  of  a  Chloride  battery 
placed  on  a  street-railway  line  4  miles  from  the  power  house. 
This  shows  how  the  battery  takes  up  the  fluctuations  and 
supplies  the  peak  of  the  load  between  4  and  7  p.  m.  Since 
this  large  current  is  supplied  from  the  battery  and  not  brought 
over  the  long  feeders  from  the  power  house,  it  follows  that 
the  voltage  is  maintained  much  better  than  if  the  battery  were 
not  used.  After  11  p.  m.  the  load  on  the  feeders  becomes 
so  light  that  the  battery  charges  most  of  the  time,  and 
between  7  and  9  a.  m.  it  again  takes  a  peak,  though  in  this 
case  the  peak  is  smaller  than  in  the  evening. 

The  curves  in  Fig.  29  show  the  effect  that  a  battery,  used 
at  the  end  of  the  line,  has  on  the  voltage  regulation  of  a 
railway  system.  Curve  A  shows  the  current  delivered  by 
the  battery  when  discharging  or  taken  by  it  when  charging. 
Curve  B  shows  the  variation  in  voltage  when  the  battery 
is  in  use  and  curve  C  shows  the  variation  when  the  battery  is 
out  of  service.  When  the  battery  is  not  used,  the  voltage 
varies  from  550  to  325  volts,  owing  to  the  heavy  momentary 
currents  that  must  be  transmitted  over  the  line.  When  the 
battery  is  in  use  the  voltage  varies  between  450  and  525 
volts,  thus  maintaining  a  much  better  pressure  on  the  system 
and  enabling  the  cars  to  make  better  time.  When  the  load 
is  light,  voltage  high,  the  battery  charges,  hence  the  maxi- 
mum voltage  with  the  battery  on  is  not  as  high  as  with  the 
battery  off  because  of  the  drop  in  the  line  due  to  the  char- 
ging current.  When  the  battery  is  off  there  are  instants  when 
there  is  practically  zero  current  in  the  line  and  the  pres- 
sure at  the  end  of  the  line  then  becomes  equal  to  the 
station  pressure. 

56.     Selection  of  Battery  for  Given  Service. — The 

only  way  to  arrive  at  an  intelligent  conclusion  regarding  the 
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size  of  battery  to  be  used  for  any  given  case  is  to  determine 
as  nearly  as  possible  the  load  line  of  the  station  in  question. 
The  generating  capacity  is  usually  known,  so  that  by  laying 
out  a  diagram  and  measuring  up  the  probable  discharge 
areas  on  it,  a  fairly  close  idea  as  to  the  capacity  needed  can 
be  obtained.  As  the  output  of  most  plants  is  always 
increasing,  it  is  common  practice  to  install  jars  or  tanks 
somewhat  larger  than  required  at  the  start.  The  capacity  of 
the  cells  can  then  be  easily  increased  by  simply  adding  more 
pairs  of  plates  to  each  cell. 

The  number  of  cells  required  'for  a  given  installation  will 
depend  on  the  voltage  of  the  system,  and  also  on  the  range 
of  voltage  regulation  that  is  desired  by  cutting  cells  in  or 
out.  Assuming  that  the  cells  are  discharged  down  to  1.75 
volts,  the  minimum  number  of  cells  required  would  be  die 
voltage  of   the  system  divided  by  1.75.     For  example,  a 

battery  for  a  110- volt  system  would  require  — —  =  63  cells. 


STORAGE-BATTEBY  REGULATING 
APPLIANCES 

57.  In  order  that  the  charging  and  discharging  of  a  bat- 
tery shall  be  under  control,  it  is  necessary  to  use  auxiliary 
apparatus  that  will  allow  the  effective  voltage  of  the  battery 
to  be  varied  at  will.  The  appliances  used  in  any  given  case 
will  depend  on  the  nature  of  the  work  that  the  battery  has  to 
do.  For  example,  the  regulating  devices  necessary  with  a 
slowly  changing  lighting  load  are  not  adapted  to  the  opera- 
tion of  a  battery  on  a  rapidly  fluctuating  railway  load. 


END-CEIili   SWITCHES 

58.  The  simplest  device  for  varying  the  effective  volt- 
age of  a  battery  is  the  end-cell  siivitch,  the  use  of  which 
will  be  understood  by  referring  to  Fig.  30;  A  is  the  main 
battery  and  B  a  number  of  cells  from  each  of  which  connec- 
tion is  made  to  the  contacts  b  of  the  end-cell  switch.    A 
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contact  piece  a  is  arranged  so  that  it  can  be  slid  from  a  to  a' 
by  means  of  a  suitable  mechanism,  and  the  number  of  cells 
in  use  thereby  varied.  When  the  battery  has  been  fully 
charged,  the  end  cells  are  cut  out  of  circuit  and  the  contact  a 
occupies  the  position  a!.  As  the  voltage  runs  down,  a  is 
moved  to  the  left  and  fresh  cells  cut  in,  thus  maintaining  the 
voltage  E  at  the  desired  amount.  Fig.  31  shows  a  horizon- 
tal tjrpe  of  motor-driven,  end-cell  switch  made  by  the  Electric 
Storage  Battery  Company;  this  switch  accommodates  20  end 
cells.  The  traveling  laminated  contact  is  shown  at  a  a,  and 
the  cells  are  connected  to  the  terminal  blocks  d,  h  mounted 
on  a  slate  slab.  The  bar  c  connects  to  the  line,  the  ter- 
minal connection  being  attached  at  d.     The  cross-head  is 
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operated  by  the  screw  s  driven  by  a  small  series-motor  m^ 
which  is  controlled  from  the  switchboard  and  can  be  run  in 
either  direction,  the  motion  being  transmitted  to  the  'screw 
through  the  worm  w.  An  electric  brake  b  is  provided  to 
stop  the  motor  promptly  when  the  current  is  turned  off.  In 
some  of  the  later  switches  this  braking  action  is  effected  by 
short-circuiting  the  armature  of  the  series-motor  while  the 
field  is  fully  excited.  An  automatic  switch,  not  shown  in  the 
figure,  is  operated  by  the  shaft  s  so  that  after  the  motor  has 
been  started  in  either  direction  by  the  switchboard  attendant, 
the  screw  will  revolve  until  contact  a  has  moved  to  the  next 
cell  contact  and  will  then  stop.  Insulated  bearing  pieces  ^,  e 
are  provided  between  the  blocks  by  b  for  the  contact  a  to  slide 
on.     The  laminated  contact  a  is  not  wide  enough  to  bridge 
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over  the  space  between  contacts  b^  and 
thereby  short-circuit  a  cell.  In  order  to 
avoid  interruption  of  the  circuit  while  a 
is  passing  from  one  cell  to  another, 
auxiliary  carbon  contacts  are  carried  on 
the  cross-head;  the  resistance  of  these 
is  sufficient  to  prevent  short-circuiting 
of  the  cell  during  the  movement,  and  at 
the  same  time  keep  the  battery  in  con- 
nection with  c.  Gear  g  is  used  when 
two  or  more  end-cell  switches  are  geared 
together  so  as  to  be  operated  simul- 
taneously. End-cell  switches  are  fre- 
quently equipped  with  end-cell  indicators^ 
which,  by  means  of  small  signal  lamps, 
a  traveling  pointer,  or  other  device  oper- 
ated from  the  end-cell  switch,  show  the 
switchboard  attendant  at  all  times  the 
.  exact  position  of  the  switch  and  the  num- 
£   ber  of  cells  in  service. 

59.  Battery  Wltli  Singfle  End- 
Cell  Swltcli. — Fig.  32  shows  about  the 
simplest  possible  arrangement  for  a  bat- 
tery with  an  end-cell  switch  operated  in 
parallel  with  a  dynamo.  In  this  figure 
all  minor  devices,  such  as  voltmeter 
switches,  circuit-breakers,  etc.  have  been 
omitted.  An  automatic  circuit-breaker 
should  be  provided  in  series  with  the 
dynamo,  and  an  overload  and  under- 
load circuit-breaker  should  be  connected 
between  the  dynamo  and  battery. 

In  Fig.  32,  A  is  the  dynamo,  either 
shunt  or  compound  wound,  but  usually 
the  latter  type  in  America,  B  is  the 
main  battery,  and  C  the  end-cell  switch 
connected  to  the  end  cells,  as  shown. 
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Switches  are  provided  at  d,  e,  f,g,h,  and  k.  An  ammeter  / 
connected  to  its  shunt  o  indicates  the  output  of  A^  and 
ammeter  m  indicates  the  output  of  the  battery;  this  ammeter 
has  its  zero  point  in  the  center  of  the  scale.  When 
the  battery  is  working  on  the  load  in  parallel  with  the 
dynamo,  all  switches  are  closed;  and  as  the  battery  becomes 
discharged  fresh  cells  are  cut  in  by  means  of  the  end-cell 
switch.  When  the  battery  is  to  be  charged,  all  switches  are 
first  opened  and  the  end-cell  switch  placed  in  the  extreme 
left  position.  The  dynamo  is  then  brought  up  to  a  volt- 
age slightly  higher  than  that  of  the  battery,  and  switches 
d,  e,  hy  and  k  closed.  The  field  is  then  adjusted  further 
until  m  shows  the  correct  charging  cvurent.    The  pressure 
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required  for  charging  the  battery  is  considerably  higher  than 
the  normal  line  voltage;  hence,  it  is  not  possible  with  this 
arrangement  to  use  the  d3mamo,  running  at  a  high  voltage, 
for  charging  purposes,  and  also  for  furnishing  current  to  the 
line  unless  a  resistance  is  connected  in  series  with  the  line 
to  take  up  the  surplus  voltage.  This  involves  considerable 
waste  of  power,  so  that  with  the  arrangement  shown  in 
Fig.  32  the  charging  is  done  at  such  times  as  current  is  not 
required  on  the  line. 

60.     Battery  Wltli  Double  End-Cell  Switch.— Fig.  33 

shows  a  battery  with  two  end-cell  switches  C  D.  By  using 
a  double  arrangement  as  shown,  the  normal  voltage  may  be 
supplied  to  the  line  while  at  the  same  time  the  battery  is 
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being  charged  by  a  current  supplied  at  high  voltage  from  the 
dynamo.  In  Fig..  33  switches  i,  2^  and  S  are  closed  and 
the  double-throw  switch  4,  5  is  thrown  to  the  upper  position; 
the  battery  is  charging  and  the  path  of  the  charging  current 
is  represented  by  the  dotted  arrows.  At  the  same  time  the 
dynamo  is  furnishing  current  to  the  line,  as  indicated  by  the 
full-line  arrows.  From  the  position  of  end-cell  switch  D  it 
is  seen  that  the  pressure  between  the  outgoing  lines  is  equal 
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to  that  of  the  main  battery  B  plus  that  of  two  end  cells, 
while  from  the  position  of  C  the  pressure  furnished  by  the 
dynamo  must  be  high  enough  to  charge  the  whole  battery. 
When  it  is  necessary  to  arrange  a  battery  so  that  the  gen- 
erator can  furnish  current  for  charging  purposes,  and  at  the 
same  time  furnish  current  to  the  line,  it  is  usual  to  provide 
a  booster  for  increasing  the  generator  voltage  the  desired 
amount.  

BTORAGB-BATTERY  BOOSTERS 

61.  A  storagre-battery  booster  is  an  auxiliary  d3mamo, 
generally  of  small  size  compared  with  the  main-station  gen- 
erators, the  armature  of  which  is  usually,  though  not  always, 
connected  in  series  with  the  storage  battery.  The  voltage  of 
this  dynamo  may  be  either  added  to  or  subtracted  from  that 
of  the  battery,  thus  increasing  or  decreasing  its  effective 
voltage.  For  example,  in  Fig.  34,  /I  is  a  battery  working 
in  parallel  with  a  dynamo,  and  B  is  the  armature  of  the 
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booster  connected  in  series  with  the  battery.  Suppose  that 
the  booster  is,  for  the  present,  generating  no  voltage  and 
that  the  voltage  of  both  battery  and  dynamo  is  110  volts. 
Under  these  circumstances  the  battery  would  neither  charge 
nor  discharge.  If  the  field  of  the  booster  is  excited  so  that 
its  brush  a,  which  is  connected  to  the  negative  pole  of  the 
battery,  is  positive,  it  is  seen  that  whatever  voltage  is 
generated  in  the  booster  is  added  to  that  of  the  battery,  and 
the  pressure  between  points 
c  and  d  is  raised  above  110 
volts;  the  battery,  therefore, 
discharges  and  the  rate  of 
discharge  depends  on  the 
pressure  generated  by  the 
booster.  If  the  polarity  of 
the  booster  were  reversed, 
brush  a  being  —  and  b  +, 
the  booster  voltage  would  be  opposed  to  that  of  the  battery, 
and  the  pressure  between  d  and  c  would  be  less  than  110 
volts  by  the  amount  of  the  booster  voltage.  Or,  looking  at 
it  in  another  way,  the  pressure  of  the  booster  is  added  to 
that  of  the  dynamo,  so  that  the  pressure  applied  to  the  ter- 
minals of  the  battery  is  raised  above  the  battery  voltage,  and 
a  charging  current  therefore  flows.  With  this  explanation 
in  mind  the  student  will  more  readily  understand  the  explana- 
tions of  the  following  types  of  storage-battery  booster. 

Storage-battery  boosters  may  be  divided  into  four  classes: 
shunts  compound^  differential ^  and  constant  current. 
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SHUNT    BOOSTER 

62.  The  shunt  booster  is  so  called  because  its  field  is 
provided  with  a  plain  shunt  winding  similar  to  that  of  a  shunt 
d3mamo  or  motor.  Boosters  are  usually  driven  at  approxi- 
mately constant  speed  by  means  of  a  shunt  motor  mounted 
on  the  same  base  and  directly  coupled  to  the  booster  arma- 
ture, though  in  some  special  cases  they  might  be  driven  by 
an  engine.    The  shunt  booster  is  used  in  those  places  where 
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the  battery  is  intended  to  take  the  peak  of  the  load  or  for 
other  work  where  it  does  not  have  to  be  continually  charging 
and  discharging.  It  is,  therefore,  well  adapted  for  use  in 
lighting  stations  where  the  load  changes  gradually,  and 
where  the  battery  charges  or  discharges  for  fairly  long 
intervals  of  time. 

Fig.  35  shows  the  general  arrangement  of  a  shunt  booster. 
A  is  the  main  generator  and  B  the  armature  of  the  booster 
driven  by  means  of  a  motor  not  indicated.     C  is  the  storage 
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battery,  and  c  the  end-cell  switch  by  means  of  which  the 
effective  voltage  of  the  battery  inay  be  varied.  In  order  to 
charge  the  battery  to  its  full  capacity,  it  is  necessary  to  have 
a  voltage  considerably  higher  than  that  generated  by  A\  this 
increase  in  voltage  is  supplied  by  the  booster  B.  Suppose 
that  the  battery  is  to  be  charged;  switches  a,  by  and  d  are 
closed  and  the  double-throw  switch  e!  is  thrown  to  the  lower 
position.    The  end-cell  switch  is  placed  on  the  last  point,  as 


Digitized  by 


Google 


§27  STORAGE  BATTERIES  71 

shown,  so  that  all  the  cells  will  be  included  in  the  circuit. 
When  d  and  e'  are  closed,  the  armature  B  is  connected  in 
series  with  the  battery  and  the  two  are  across  the  line.  The 
polarity  of  the  booster  voltage  is  such  that  it  assists  A  in 
forcing  current  through  the  battery;  or,  in  other  words, 
B  increases  the  E.  M.  P.  applied  to  the  battery  terminals. 
The  voltage  of  B  can  be  adjusted  by  means  of  a  field 
rheostat  R  until  the  battery  ammeter  m  indicates  the  proper 
charging  current.  When  the  battery  is  fully  charged,  the 
E.  M.  F.  of  all  the  cells  will  be  greater  than  that  of  A,  but 
the  voltage  with  the  end  cells  cut  out  will  be  about  equal  to 
that  of  A. 

When  the  battery  is  to  discharge  into  the  line,  switches 
d  and  b  are  opened  and  e'  is  thrown  to  the  position  e.  End 
cells  are  then  cut  out  until  the  voltage  of  the  battery  agrees 
with  that  of  the  line  and  switch  b  U  closed,  thus  connecting 
the  battery  across  the  line.  The  ammeter  m  indicates  the 
discharge  current.  As  the  voltage  of  the  battery  falls,  due 
to  the  discharge,  end  cells  are  cut  in  by  means  of  switch  c. 

In  many  cases  shunt  boosters  are  arranged  so  that  they  can 
be  made  to  assist  the  battery  to  discharge  as  well  as  charge. 
In  order  to  do  this,  provision  must  be  made  for  reversing 
the  shunt-field  current  so  as  to  reverse  the  polarity  of  the 
brushes.  The  field  winding  of  the  booster  is  here  shown 
connected  across  the  brushes  of  the  booster,  though  it  may 
be  connected  across  the  bus-bars  or  battery,  provided  the 
winding  is  designed  for  the  voltage  impressed  on  it.  In 
Fig.  35,  ammeter  /  indicates  the  load  on  the  generator,  and 
the  voltmeter  Fmay  be  used  to  indicate  the  voltage  of  A  by 
inserting  a  plug  at  1.  The  voltage  of  the  battery  is  indicated 
by  inserting  a  plug  at  2,  and  the  voltage  of  the  battery  plus 
that  of  the  booster  is  indicated  by  inserting  a  plug  at  S. 

63,  Beversingr  Rheostat  for  Booster  Field. — Fig.  36 
illustrates  a  special  type  of  field  rheostat  used  when  the 
voltage  of  the  booster  is  to  be  reversed  and  controlled  by 
gradual  steps  in  either  direction.  A,  B  are  equal  resistances 
split  into  a  number  of  sections  and  connected  to  the  insulated 
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segments  g,  g  as  shown;  d,  e  are  contact  arcs  and  a  lever 
pivoted  at  h  carries  contacts  a,  h  that  bridge  over  between 
the  contacts  and  the  contact  arcs.  Terminals  x^  y  are  con- 
nected either  to  the  bus-bars  or  to  the  battery,  and  the 
arcs  d,  e  are  connected  to  the  field  winding  C  of  the  booster. 
The  whole  scheme  of  connections  is,  in  fact,  the  same  as  a 
Wheatstone  bridge  where  the  galvanometer  is  replaced  by 
the  field  C  It  is  evident  that,  when  the  lever  is  in  the 
vertical  position  a  b,   there  is  no  difference  of  potential 
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between  the  field  terminals  and  the  field  is  tmexcited.  As 
the  lever  is  moved  over  to  the  position  a'^  ^',  the  pressure 
across  the  field  terminals  is  gradually  increased  until  the 
extreme  position  of  the  lever  is  reached  and  e  is  connected 
directly  to  the  +  terminal  and  d  to  the  —  terminal.  A  move- 
ment of  the  lever  in  the  reverse  direction,  i.  e.,  from  the 
vertical  position  toward  a'  b'j  gradually  increases  the  pressure 
across  the  field  but  in  the  reverse  direction.  This  rheostat, 
therefore,  allows  the  booster  to  be  used  as  an  aid  either  in 
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charging  or  discharging,  and  also  allows  close  regulation  of 
the  charging  and  discharging  current.  In  order  to  make  the 
waste  of  energy  small,  the  central  sections  of  the  rheostat 
have  a  High  resistance. 


COMPOUND    BOOSTER 

64.  When  the  load  fluctuates  rapidly,  as  in  electric  rail- 
way or  power  plants,  and  the  battery  is  used  to  even  up 
these  fluctuations,  it  is  not  practicable  to  regulate  the  charge 
and  discharge  by  means  of  an  end-cell  switch,  because  the 
regulation  cannot  be  effected  quickly  enough.  For  work  of 
this  kind  the  charge  and  discharge  is  usually  regulated  by 
means  of  either  a  compound  or  a  differential  booster.  A 
number  of  patents  have  been  taken  out  relating  to  various 
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arrangements  of  these  boosters,  but  the  general  operation 
of  a  compound  booster  will  be  understood  by  referring  to 
Fig.  37.  A  is  the  armature  of  the  main  dynamo,  B  the 
armature  of  the  booster,  and  C  the  battery.  The  field  of 
the  booster  is  provided  with  two  windings,  one  of  which  is 
in  series  with  the  armature.  The  other  winding  is  excited 
from  the  battery,  or  bus-bars,  and  has  a  rheostat  /^  in  series 
with  it;    this  rheostat  is  usually  of  the  reversing  type  so 
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that  the  current  in  the  shunt  winding:  can  be  made  either  to 
oppose  or  aid  that  in  the  series-winding. 

Under  normal  conditions  of  operation  the  shunt  winding 
aids  the  series-winding  in  magnetizing  the  field  of  the 
booster.  It  is  necessary  for  the  operation  of  this  type  of 
booster  that  the  voltage  of  the  generator  should  drop  with 
increasing  load.  If  A  is  compound  wound,  the  series-coils 
may  be  cut  out  of  service  or  shunted  when  the  machine  is 
used  in  conjunction  with  the  battery.  The  operation  of  the 
booster  is  as  follows:  The  rheostat  R  is  adjusted  so  that 
when  the  generator  is  delivering  its  normal  load  at  normal 
voltage,  the  voltage  of  the  booster  plus  that  of  the  battery 
just  equals  the  voltage  of  the  dynamo;  under  these  condi- 
tions there  will  be  neither  a  charging  nor  a  discharging 
current.  If  the  load  on  the  line  increases,  the  voltage  of  A 
tends  to  drop  on  account  of  the  increased  load  momentarily 
thrown  on  it.  This  allows  the  battery  to  discharge,  and  the 
discharging  current  flowing  through  the  series-coils  of  the 
booster  raises  the  combined  E.  M.  F.  of  the  battery  and 
booster,  thus  making  the  battery  at  once  take  such  a  share 
of  the  load  that  the  E.  M.  F.  across  the  lines  is  restored  to 
its  normal  amount.  On  the  other  hand,  a  decrease  in  the 
external  load  below  the  normal  tends  to  make  the  dynamo 
voltage  increase.  The  battery  then  charges,  and  the  char- 
ging current  flowing  back  through  the  series-coils  of  the 
booster  opposes  the  shunt  coils,  thus  lowering  the  booster 
voltage  and  allowing  the  charging  current  to  increase  until 
the  generator  voltage  comes  down  to  the  normal  amount. 
In  actual  working,  the  voltage  changes  very  slightly,  as  any 
tendency  to  change  is  checked  by  the  operation  of  the 
battery  and  its  booster. 

DIFFERENTIAI.  BOOSTER 

65.  The  differential  booster  is  used  on  systems  where 
a  load  subject  to  wide  and  rapid  fluctuations  is  handled.  It 
has  two  sets  of  field  windings,  series  and  shunt,  as  in  the 
compound  booster,  but  is  distingfuished  from  it  by  the  fact 
that  under  normal  conditions  of  operation  the  magnetizing 
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effects  of  the  series  and  shunt  coils  are  opposed  to  each 
other.  A  number  of  types  of  differential  booster  have  been 
patented,  their  differences  consisting  principally  in  the 
method  of  arranging  and  connecting  the  field  windings. 
Fig.  38  shows  a  scheme  of  connections  very  commonly 
used.  A  is  the  generator,  B  the  booster  armature,  and  C 
the  battery.  The  field  of  the  booster  is  provided  with 
two  sets  of  series-coils  Z>,  E  connected  as  shown;  the 
shunt  field  is  connected  across  the  line.  The  effect  of 
the  shunt  field  can  be  varied  by  means  of  the  rheostat  R. 
Coils  Dy  E  are  connected  so  that  their  magnetizing  effect  is 
opposed  to  that  of  the  shunt  coil.  The  battery  C  is  con- 
nected in  series  with  the  booster  by  throwing  switch  cd  to 
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the  upper  position;  by  throwing  to  the  lower  position  ^  and 
also  closing  switch  d,  the  battery  is  connected  directly  across 
the  line  and  the  booster  thereby  thrown  out  of  service. 
Coil  D,  when  battery  C  is  discharging,  carries  the  combined 
output  of  the  battery  and  dynamo;  coil  E  carries  the  dynamo 
output  only.  The  magnetizing  effect  of  D  will  therefore 
vary  with  the  lead  on  the  line,  and  that  of  E  will  vary  with 
the  current  delivered  by  the  dynamo;  this  latter  is  supposed 
to  be  nearly  constant,  so  that  coil  E  may  be  considered  as 
furnishing  an  approximately  constant  magnetizing  force. 
The  coils  are  adjusted  (in  case  of  the  series-coils,  by  adjust- 
able shunt  resistances  across  their  terminals)  so  that  when 
the  normal  load  is'  delivered  there  is  neither  charge  nor 
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discharge  from  the  battery,  because  the  effects  of  the  magneti- 
zing coils  neutralize  each  other,  making  the  booster  E.  M.  P. 
zero  and  allowing  the  battery  E.  M.  F.  to  balance  that  of  the 
generator.  If  the  load  increases  above  normal,  the  mag- 
netizing effect  of  D  is  increased,  thus  causing  the  booster  to 
generate  an  E.  M.  F.  in  such  a  direction  as  to  assist  the 
battery  to  discharge  and  take  up  the  surplus  load.  If  the 
load  falls  below  normal,  the  magnetizing  effect  of  the  shunt 
field  predominates,  thus  making  the  booster  generate  an 
E.  M.  F.  in  the  reverse  direction  and  allowing  the  battery  to 
charge.  The  load  on  the  djmamo  is  therefore  kept  practi- 
cally constant  in  spite  of  the  fluctuations  of  the  current 
delivered  from  the  station. 

The  connections  shown  in  Fig.  38  have  been  simplified  as 
much  as  possible  in  order  to  bring  out  the  main  points  con- 
nected with  the  operation  of  the  booster;  in  practice,  a 
number  of  additional  connections  might  be  used.  For 
example,  switches  are  often  provided  so  that  the  series-coils 
may  be  cut  out  of  service  and  the  machine  operated  as  a 
plain  shunt  booster.  The  battery  is  occasionally  charged 
up  when  the  load  is  light,  as  the  intermittent  charging 
that  it  receives  during  its  regular  operation  may  not  be 
suflScient.  In  case  the  battery  were  used  on  a  fairly  steady 
load,  the  machine  would,  of  course,  be  operated  as  a  plain 
shunt  booster  and  whatever  regulation  was  necessary  to 
control  the  battery  current  would  be  obtained  by  varying 
ihe  field  rheostat. 

66.  Fig.  39  shows  a  scheme  of  switchboard  connections 
for  a  differential  booster.  A  is  the  generator  armature, 
B  the  booster  armature,  D  an  underload-and-overload  battery 
circuit-breaker,  E  the  generator  circuit-breaker,  F  the  gener- 
ator ammeter,  G  the  battery  ammeter  with  its  zero  point  in 
the  center  of  the  scale,  and  //the  voltmeter.  The  voltmeter 
is  connected  to  a  voltmeter  switch,  so  that  readings  may  be 
taken  of  the  generator  voltage,  the  battery  voltage,  or  the 
voltage  of 'the  battery  plus  that  of  the  booster;  the  voltmeter 
connections  have  been  omitted  in  order  not  to  confure  the 
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figure.  K  is  the  generator-field  rheostat,  L  the  reversing 
rheostat  in  the  shunt  field  of  the  booster,  M  a  starting 
rheostat  for  the  shunt  motor  N  that  drives  the  booster,  and 
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Fig.  39 


0/*  the  series-fields  of  the  booster.     Single-pole  switches 
I,  2,  5,  etc.  are  connected  as  shown;  switches  4-5,  ^-7,  8-9^ 
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are  single-pole  double-throw,  and  are  used  for  making  the 
various  combinations  described  later.  Switch  10  connects  the 
shunt  field  of  the  booster  to  the  bus-bars,  and  11  is  the  main 
switch  for  the  motor.  The  combinations  that  may  be  efiEected 
are  as  follows: 

(a)  Generator  working  alone  on  bus-bars  with  battery  and 
booster  cut  out  of  service.  Switch  2  is  closed,  and  switches 
5  and  7  thrown  to  the  upper  position.  All  other  switches 
are  open. 

(b)  Battery  working  alone  on  bus-bars,  generator  and 
booster  cut  out  of  service.  Switch  1  is  closed,  and  switch  9 
thrown  to  the  upper  position,  all  other  switches  open. 

(c)  Battery  and  generator  operating  in  parellel  on  bus- 
bars with  booster  in  service.  Switches  1  and  2  are  closed, 
and  switches  ^,  ^,  and  8  thrown  to  the  lower  position. 
Switches  10  and  11  are  also  closed  because  the  booster  is 
now  in  operation.   • 

(d)  Battery  in  parallel  with  generator,  series-coils  of 
booster  cut  out.  In  this  case  B  is  operated  as  a  shunt-wound 
booster  and  the  battery  is  being  charged.  Switches  1, 2  and  3 
are  closed;  switch  8  is  thrown  to  the  lower  position  and 
switches  5  and  7  to  the  upper  position.  Switches  10  and  11 
are  also  closed  and  L  is  adjusted  so  that  the  booster  helps 
the  battery  to  charge.         

CONSTANT-CURRENT    BOOSTER 

67.  The  constant-current  booster  is  used  principally 
in  office  buildings  or  manufactories  where  the  feeders  are 
not  long  and  where  a  considerable  portion  of  the  load,  such 
as  motors  and  elevators,  is  of  a  fluctuating  natiu-e.  It  is  also 
used  to  some  extent  for  street-railway  systems  instead  of  the 
compound  or  differential  types.  Its  object  is  to  maintain  an 
approximately  constant  cmrent  delivery  from  the  generators, 
the  fluctuations  of  the  load  being  taken  up  by  the  battery.  It 
therefore  accomplishes  the  same  purpose  as  a  compoimd  or 
differential  booster  as  far  as  keeping  the  dynamo  current  at  a 
constant  value  is  concerned,  while  on  account  of  the  way  in 
which  it  is  used,  the  machine  can  be  smaller  and  cheaper  than 
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either  of  the  other  types.  This  booster  can  be  used  to  advan- 
tage where  constant  voltage  on  the  power  circuit  is  not 
essential.  Fig.  40  shows  a  common  arrangement  of  connec- 
tions. A  is  the  generator  supplying  current  to  the  bus-bars 
E,  F  to  which  the  steady  load  is  connected.  The  fluctuating 
load  is  connected  to  bus-bars  G,  H,  and  the  booster  arma- 
ture B  and  series-field  are  connected  in  series  between  E 
and  G.  That  is,  the  fluctuating  load  does  not  pass  through 
any  of  the  booster  windings  as  in  the  case  of  the  compound 
and  differential  boosters.  The  booster  carries  only  the 
average  current  supplied  by  the  generator  to  the  power 
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system  and  can  be  of  comparatively  small  output;  more- 
over, the  steady  load  is  connected  between  the  generator 
and  the  booster  so  that  this  part  of  the  load  current 
does  not  pass  through  the  booster.  The  battery  is 
usually  provided  with  an  end-cell  switch  D  so  that,  if 
desired,  it  may  be  operated  on  the  lighting  load  only,  the 
cells  being  cut  in  as  the  voltage  drops.  The  booster  is  pro- 
vided with  a  shunt  winding,  which  sets  up  an  E.  M.  F.  in  the 
armature  in  a  direction  such  as  to  aid  the  generator  E.  M.  F. 
The  series-coils  oppose  the  shunt  coils  and  set  up  an  £.  M.  F. 
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opposed  to  that  of  A.  It  will  be  noticed  that  the  current 
through  the  booster  is  not  reversed,  because  the  only  current 
that  flows  through  it  is  that  supplied  by  the  generator. 
Under  ordinary  operating  conditions  switches  i,  2,  5,  6^  and  7 
are  closed,  at  which  time  the  operation  is  as  follows:  In  case 
a  heavy  load  comes  on  the  power  circuits,  the  tendency  is  for 
a  heavy  current  to  be  delivered  by  the  generator  through  the 
booster.  Now  the  voltage  across  the  terminals  of  the  battery 
is  equal  to  the  generator  voltage  plus  that  of  the  booster;  any 
increase  of  current  in  the  series-field  causes  a  lowering  of  the 
booster  E.  M.  F.,  because  the  series-winding  opposes  the 
shunt  winding.  The.  result  is  that  the  pressure  across 
the  battery  terminals  decreases,  thus  causing  the  battery  to 
discharge  and  supply  the  extra  demand  for  current.  Con- 
versely, a  decrease  in  the  fluctuating  load  causes  the  battery 
to  charge.  The  dynamo,  therefore,  delivers  an  approxi- 
mately constant  current.  Of  course,  the  generator  current 
does  not  remain  absolutely  constant,  but  the  irregularities 
due  to  the  heavily  fluctuating  motor  load  are  so  smoothed  out 
that  the  pressure  supplied  to  the  lamps  is  practically  uniform 
and  the  objectionable  flickering,  so  often  apparent  where  a 
variable  load  is  operated  from  the  machine,  is  done  away  with. 
If  both  loads  must  be  operated  directly  from  the  dynamo 
without  the  use  of  the  battery  or  booster,  these  may  be  cut 
out  as  follows:  The  booster  is  shut  down  and  switch  3 
closed.  Switch  3  cannot  be  closed  while  the  booster  is 
generating,  because  armature  B  would  be  short-circuited. 
Switch  5  is  then  opened  and  the  booster  thereby  cut  out  of 
service.  By  opening  switches  6  and  7  and  closing  switch  5, 
the  battery  is  cut  out  and  the  dynamo  supplies  all  the  current. 
Note  that  switch  7  must  be  opened  before  8  is  closed,  other- 
wise the  end  cells  will  be  short-circuited.  If  it  is  desired  to 
cut  oflE  the  fluctuating  load  and  run  the  lights  from  the  battery 
alone,  switches  8  and  9  are  opened,  and  switch  6  closed. 
This  cuts  off  the  fluctuating  load  and  places  the  battery,  with 
its  end  cells, -in  parallel  with  the  generator,  it  being  under- 
stood that  the  booster  is  now  out  of  service.  By  opening 
switches  1  and  2  the  generator  is  cut  off  and  the  whole 
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ligfhting  load  is  carried  by  the  battery,  the  regulation  being 
eflEected  by  means  of  the  end-cell  switch.  When  the  battery 
is  to  be  given  a  full  charge,  B  can  be  operated  as  a  plain 
shunt  booster  by  cutting  out  the  series-coils  by  means  of  the 
short-circuiting  switch  4. 

CAPACITY    OP   BOOSTERS 

68.  The  maximum  amount  of  power  that  a  booster  has 
to  deliver  depends  on  the  circumstances  under  which  it  is 
used.  Generally  speaking,  the  voltage  generated  by  a  battery 
booster  is  comparatively  low,  while  the  current  capacity  must 
be  large.  The  maximum  output,  in  watts,  is  obtained  by  mul- 
tiplying the  maximum  number  of  volts  by  which  the  current 
must  be  raised  or  lowered  by  the  maximum  current  that  is 
likely  to  pass  through  the  booster.  In  actual  work  this  max- 
imum demand  is  made  but  seldom,  and  then  only  for  short 
intervals,  so  that  if  a  machine  of  70  or  80  per  cent,  of  the  above 
capacity  is  installed,  it  will  be  large  enough.  The  amount  of 
current  that  the  booster  will  probably  be  called  on  to  handle  can 
only  be  determined  by  carefully  noting  the  demand  for  current 
from  the  battery,  as  indicated  by  the  load  line  of  the  station. 

Fig.  41  shows  a  differential  battery  booster  made  by 
the  General  Electric  Company  for  street-railway  work. 
The  differentially  wound  generator"^  is  driven  by  a  direct- 
coupled,  shunt-wound  motor  B  which  is  wound  for  500  volts 
and  has  a  capacity  of  150  horsepower;  the  generator  is 
wound  for  115-180  volts  and  has  a  maximum  output  of 
115  kilowatts  at  525  revolutions  per  minute.  It  will  be 
noted  that  the  booster  does  not  differ  much  in  construction 
from  an  ordinary  compound-wound  generator.  The  com- 
mutator is  somewhat  larger  than  usual  on  account  of  the 
large  current  sent  through  the  machine,  though  the  size  of 
the  commutator,  as  compared  with  the  output  of  the  gener- 
ator, does  not  in  this  case  appear  so  excessive  as  in 
tiie  case  of  boosters  designed  for  lower  voltage  and  larger 
current.  On  low-voltage  boosters  it  is  sometimes  necessary 
to  use  two  commutators,  one  at  each  end  of  the  armature, 
in  order  to  provide  sufficient  current-carrying  capacity.     The 
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two  sets  of  field  windings  are  indicated  at  a  and  b.  In  order 
to  accommodate  the  special  field  windings  required  for  a 
machine  of  this  kind  the  field-magnet  cores  have  to  be 
miusually  long;  this  makes  the  booster  field  magnet  of 
large  diameter  as  compared  with  that  of  the  motor. 


Fio.41 

These  descriptions  will  give  a  general  understanding  of 
the  methods  used  for  storage-battery  regulation.  The  condi- 
tions under  which  batteries  are  used  vary  so  much  that  the 
switchboard  connections  for  scarcely  any  two  installations 
are  alike  in  all  particulars.  However,  if  the  foregoing 
methods  are  kept  well  in  mind  there  should  be  little  difficulty 
in  tracing  out  the  connections  for  any  particular  installation. 
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GENERAIi  DATA  ON  STORAGE  CEIXS 

69.  In  order  to  give  an  idea  as  to  the  size,  capacity, 
weight,  etc.  of  storage  cells  Tables  I,  II,  and  III  are  here 
given.  These  tables  do  not  show  all  the  sizes  of  each  type 
because  cells  can  be  made  up  with  almost  any  number  of 
plates  desired.  In  each  table,  the  first  cell  of  a  given  type 
is  the  smallest  size  made  in  that  type  and  the  last  given  is 
the  largest.  The  number  of  plates  per  cell  is  always  an  odd 
number  because  there  is  always  one  less  plate  in  the  group 
of  positives  than  in  the  group  of  negatives.  For  example, 
a  13-plate  cell  would  be  made  up  of  six  positives  and  seven 
negatives.  The  capacities  of  cells  with*  a  number  of  plates 
different  from  that  shown  in  the  tables  can  be  easily  calcu- 
lated. For  example,  in  Table  I,  the  9-plate,  type  F  cell  has 
an  8-hour  capacity  of  40  amperes  and  a  15-plate  cell  of  the 
same  type  has  a  capacity  of  70  amperes.  The  addition 
of  six  plates  or  three  pair  of  plates  increases  the  capac- 
ity 30  amperes;  hence,  the  capacity  per  pair  of  plates  is 
10  amperes.  A  27-plate  cell  has  thirteen  pair;  hence,  its 
capacity  is  13  X  10  =  130  amperes  for  8  hours.  In  making 
estimates  of  the  room  occupied  by  a  given  battery,  about 
1|  inches  clearance  should  be  allowed  between  glass  jars, 
2i  inches  between  metal  tanks,  and  2  inches  between 
wooden  tanks. 


Digitized  by 


Google 


84 


STORAGE  BATTERIES 


§27 


Dimensions  of  Lead- 
Lined  Tanks 
Inches 

41 

03 

6  0  6  O  O  r^  i-^oo^^ 

1 

1 

»o»o»ocSO'-'  —  '-  —  "^      1 
MMMMMC4CIC4C4CI       1 

1 

1 

M  ►^  w  ^  w  »nO  w  "^nO 

Dimensions  of  Glass 

Jars 

Inches 

2 
X 

•K  1:  1;  TtisrsTTT-^ 

a 

in       »o       in       r^  (>.  r^oo  o^  0^  O*  n  n 

i 

en      ^      m       en  ^O  •-«  u^oo  »-•  qn  « 

sponoj 

Hxnj,  ponji 

-pBoq  'oiaidoioo 

UOD  JO  %HS]9M. 

«  eno  in^-^Noo^O* 

•^  N  en  *^  CO  »n     1 

spanoj 

3(UBXlBjaw'PPV 
q^lAV  ajoidraoo 
\\90  JO  jqapM 

•n  «n  en  0>  w  »-• 

00  «  oo  en  moo 
N^  «  CI  en  »o 

1 

spmioj 

JBf  SSBIO  *PPV 
qJIM  »^aiduio3 
IPO  }0  jq3f3AV 

(rubber  jar) 

lO 

(rubber  jar) 

13 
(rubber  jar) 

20 

28 

38 

63 

49 

75 
115 
163 
246 

OJBH 

g&iBqosfQ 
jnoH-8 

sojddmy 

ajBH 
dJSJBqo  iBcajON 

1:   ir   •«   '^-'^^2gJ^^Ra8^^^88S   ' 

^  N^  N  ini^  "^l-oo  -t     j 

•1:  ir  •«?  ir«-s«oo«5^oogo^og3o 

M    »H    d    tOI^  TJ-OO    -t       1 

«ajBid 
JO  jaqmn^i 

en       m       r*       en»or*en»nO»ina»»nr^Minin»ni-ii-im 

saqoni 
soiBid  JO  aziS5 

XXX    xxxxxxxxxxxxxxxxx 

^        ^        ^       0  0  0  0  1^  i^  1^  •-•  »->  »H  m  in  in  in  in  m  in 

U90  JO  ad 

AL 

000     QQQQWWWfefofeOOOOffiXS 

Digitized  by 


Google 


H 

< 

O 
H 

00 

Q 
O 

o 


PS 


oS 

5J 


2  CO  ^ 
«>  eg  a 


5 


CO  00  r*  (>»  r^  r*  »oo^\o 


laatyiej^Hlw.  ijw-  jw.  ^». 
i^D  *0   O^  O^  9^  *^ 


^  ^  in  m  r^  r>.  r>i  o^  o^6^  ci 


O  w^oo  »^  m 


\TT' 


"S-S"?" 


spunoj 

3ia«x  paun 

-pBoq  'ppv 

R^IM  9;»icltii03 

IPO  JO  jqapAV 


spanO(i 
JBf  Jaqqna  'pfoy 


C4   en  C4   to  CI   »r>oo   ^  I 


O  CO  r^  a»  r*  ««^  o  ^n< 
w  N  en  «<^  Pi  o  r^o  •< 
W  CO  W  CO  »o  o^oo  o  c 


CO  r*.vO  o  00  w  o^  en  o^  «n 


JiiOH-8 


saiadaiv 
9&reqo  iBOiJOf^ 


saiBid 


Sdqoni 
sajBid  JO  OTIS 


ll»3  JO  ©dXx 


MMtnwr^WOOOOOOOOOQQOO 
«   M  W  en  N   »r>00  'TOO   rfsO   O   rfoo 

^  c^-^  wool 


r^  m  u->  to 


«Treno»«oOOOOOOOOOOQOO 

M  M  w  en  w  iooo  -^oo  tsO  0  ^oo 

«  tr^^o  WOO 


en»oenr*»cnr^»-«  loQNeniOM  r^mOkinr^M  enu^  j 

M  M        i-i  M        M  eno  "^  in  o    ' 


en  en  ^  'TO  OO  r^f^(>.o  O  O 

xxxxxxxxxxxxxxxxxxxx 

en  en  f  fo  OvO  i**r>»r^o  O  O  >o«oin»r>io»o»r> 


WtidiJiJSSS^^^OOOcocococoHHe^ 


Digitized  by 


Google 


86 


STORAGE  BATTERIES 


§27 


TABIiK    ni 
GENERAL    DATA    ON    ELECTRIC    TEHICL.E    CELl^ 
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INCANDESCENT  LIGHTING 

(PART  1) 


INTRODUCTION 

1.  The  subject  of  electric  lighting  involves  a  considera- 
tion of  the  different  methods  used  for  carrying  out  artificial 
illumination  by  means  of  electrical  energy.  Thus,  not  only 
must  the  actual  means  of  converting  the  electrical  energy 
into  light  be  considered,  but  the  methods  used  for  its 
generation  and  distribution  must  also  be  given  due  attention. 
The  general  subject  of  electric  transmission  has  already  been 
considered,  so  that  it  will  only  be  necessary  to  take  up  such 
features  regarding  distribution  as  relate  more  particularly  to 
lighting  work. 

2.  There  are  two  methods  in  common  use  for  producing 
light  by  means  of  electricity:  (a)  By  means  of  incandescent 
lamps ^  and  (^)  by  means  of  arc  lamps.  Both  methods  are 
extensively  used,  the  arc  light  being  especially  adapted  for 
street  lighting,  although  it  is  largely  used  for  interior  light- 
ing as  well.  The  principal  field  for  incandescent  lighting  is 
interior  illumination,  but  incandescent  lamps  are  also  used 
for  street  lighting,  especially  in  places  where  the  streets 
are  thickly  shaded  by  trees,  or  in  cases  where  a  uniform 
distribution  of  light  is  desired. 

3.  In  the  incandescent  electric  lamp,  light  is  produced  by 
bringing  a  continuous  conductor  of  high  resistance  to  a  very 
high  temperature  by  passing  a  current  through  it.  If  a  cur- 
rent is  sent  through  a  conductor,  there  will  be  a  certain  loss 
of  energy  in  the  conductor  due  to  the  resistance  that  the 
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current  encounters  in  flowing  through  it,  and  this  loss  reap- 
pears in  the  form  of  heat.  In  the  incandescent  lamp  the 
heating  effect  is  so  intense  that  it  raises  the  conductor  to 
incandescence  and  so  produces  the  desired  illumination. 

4.  The  illumination  produced  by  the  arc  lamp  is  brought 
about  in  a  different  manner.  The  current  is  made  to  pass 
between  two  electrodes  (usually  carbon)  that  are  held  a  short 
distance  apart.  The  points  of  these  electrodes  become 
heated  to  an  exceedingly  high  temperature  and  a  very  bril- 
liant light  is  produced.  The  arc  lamp  was  first  publicly 
exhibited  by  Sir  Humphry  Davy,  in  London,  in  the  year  1810, 
when  he  used  a  battery  of  2,000  cells  for  its  operation;  but  it 
did  not  come  into  commercial  use  imtil  a  much  later  period, 
because  current  could  not  be  supplied  cheaply  enough  by 
means  of  batteries,  and  the  introduction  of  the  light  was  not 
accomplished  until  the  dynamo-electric  machine  had  been 
developed  sufficiently  to  insure  the  generation  of  electrical 
energy  at  reasonable  cost. 

5.  Arc  and  incandescent  lamps  may  be  operated  by 
means  of  either  alternating  current  or  direct  current.  Arc 
lamps  have,  in  the  past,  been  operated  principally  by  direct 
current,  but  alternating  current  is  now  largely  used  for  this 
purpose.  Incandescent  lamps  will  operate  quite  as  well  with 
alternating  as  with  direct  current,  provided  the  frequency  is 
not  too  low.  The  heating  effect  in  a  conductor  is  independ- 
ent of  the  direction  in  which  the  current  flows;  hence,  an 
alternating  current,  which  periodically  reverses  its  direction 
of  flow,  will  operate  an  incandescent  lamp  just  as  well  as 
direct  current.  The  reversals  of  the  current  are  so  rapid 
that  the  conductor  in  the  lamp  does  not  have  time  to  cool  off 
perceptibly,  and  hence  there  is  no  flickering  noticeable  to 
the  eye.  If,  however,  a  frequency  below  30  cycles  per 
second  is  used,  the  lamps  are  apt  to  flicker,  and  if  alternating 
current  is  to  be  used  for  incandescent  lighting  work,  the 
frequency  should  not  be  below  this  value. 

6.  In  taking  up  the  subject  of  electric  lighting,  there  will 
then  be  the  four  following  divisions  to  consider: 
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1.  Incandescent  lighting  by  direct  current. 

2.  Incandescent  lighting  by  alternating  current. 

3.  Arc  lighting  by  direct  current. 

4.  Arc  lighting  by  alternating  current. 

These  main  divisions  of  the  subject  cover  broadly  the 
numerous  systems  in  common  use;  they  may  be  still  further 
subdivided,  but  the  various  modifications  will  be  taken  up 
when  each  of  the  above  divisions  is  considered  by  itself. 
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THE    INCANDESCENT    LAMP 

7.  The  Incandescent  laiup  is  naturally  the  first  thing 
to  be  considered  in  connection  with  the  subject  of  incan- 
descent lighting,  as  it  is  by  means  of  this  lamp  that  the 
electric  energy  is  made  to  furnish  the  required  illumination. 
Fig.  1  shows  a  typical  incandescent 
lamp  with  which  every  one  is  familiar. 

In  order  that  the  lighting  service  sup- 
plied from  an  incandescent  plant  shall  , 
be  satisfactory,  it  is  highly  important  | 
that  the  lamps  be  efficient.  If  poor 
lamps  are  used,  or  if  the  lamps  are 
burned  beyond  their  useful  life,  poor 
service  will  result,  no  matter  how 
efficient  the  system  may  be  in  other 
respects.  It  is  useless  to  install  the 
best  generating  machinery  available  and 
then  expect  to  give  a  good  service  with 
old  or  cheap  lamps  that  soon  run  down 
in  candlepower.  /  Central-station  man- 
agers are  coming  to  realize  this  point 
more  than  was  once  the  case,  and  are  ^'^ 

devoting  more  attention  to  the  quality  of  the  lamps  that 
they  buy;  in  fact,  most  progressive  companies  now  provide 
means  for  testing  their  lamps. 
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CONSTRUCTION    OP    liAMPS 

8.  Early  Experiments. — It  was  not  long  after  the 
invention  of  the  arc  lamp  until  inventors  turned  their  atten- 
tion to  the  production  of  electric  light  by  heating  continuous 
conductors  to  a  high  temperatiu'e  by  means  of  the  current, 
instead  of  using  the  arc,  because  the  early  forms  of  arc 
lamps  were  not  well  suited  to  interior  illumination.  The 
first  experiments  weie  made  with  platinum  or  iridium  wire. 
These  wires  were  mounted  in  the  open  air  and  current  sent 
through  them,  the  current  bringing  the  wire  to  a  white  heat 
and  thus  causing  light  to  be  given  off.  All  these  lamps 
proved  failures  because  the  wire  very  soon  burned  out. 
The  temperature  to  which  it  had  to  be  raised  was  very  near 
the  melting  point  of  the  metal,  and  if  great  care  were  not 
exercised  the  wire  would  fuse.  In  later  experiments,  the 
wire  was  enclosed  in  a  glass  globe  from  which  the  air  was 
exhausted.  This  was  a  great  step  in  advance,  because  it 
prevented  the  conductor  from  becoming  oxidized  and  thus 
destroyed  by  the  action  of  the  air;  it  also  prevented  the  wire 
from  cooling  so  fast,  and  thus  allowed  the  high  temperature 
to  be  maintained  by  a  much  smaller  current  than  would  be 
required  were  the  wire  heated  in  the  open  air.  Even  when 
the  platinum  or  iridium  wire  was  enclosed  in  a  globe  from 
which  the  air  had  been  exhausted,  it  was  found  tnat,  although 
the  lamps  were  very  much  improved,  they  were  not  suitable 
for  commercial  use.  It  became  evident  that  some  substance 
that  would  be  cheaper  and  capable  of  standing  a  higher  tem- 
perature would  be  necessary.  Carbon  was  finally  selected 
as  the  substance  most  suitable  and  is  now  universally  used. 

9.  Filaments. — Edison  tried  a  great  many  experiments 
to  determine  the  best  substance  for  the  conductor,  or 
filament,  as  it  is  usually  called.  The  material  that  he 
finally  selected  was  bamboo  fiber,  which  was  cut  to  the 
proper  size  and  then  carbonized.  Maxim  made  lamps  with 
filaments  of  carbonized  paper.  These  lamps  embodied  all 
the   essential   parts  contained  in  the  modem  lamp  shown 
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in  Fig.  1,  but  lamps  as  now  made  are  very  much  improved , 
in  efficiency  and  are  decidedly  cheaper.  Fig.  2  shows  the 
general  shape  of  one  of  the  early  bamboo  filaments.  The 
ends  a^a  were  enlarged  so  that  the  heating  at  the  joint 
between  the  leading-in  wires  and  the  filament  was  much 
less  than  that  of  the  filament  proper.  Lamp  filaments  as 
now  made  are  usually  in  the  forms  shown  in  Fig.  3  (a),  {b)y 
and  (f).  (tf)  is  the  plain  loop  filament,  {b)  the  spiral, 
and  (c)  the  oval.  In  Fig.  3  (^),  the  filament  is  fastened  at;i: 
to  a  small  iron  or  nickel  wire  fused  into  the  glass,  and  is 
called  an  anchored  filament.  This  is  done  to  prevent  violent 
vibrations  of  the  filament,  which  would  tend  to  shorten  the 


r\ 


a     a 
I 


(a) 
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life  of  the  lamp,  and  lamps  of  this  type  should  be  used  in 
any  place  where  they  are  subjected  to  vibration,  as,  for  exam- 
ple, on  street  cars. 

10.  Filaments  have  been  made  of  carbonized  silk  or  cot- 
ton thread,  but  the  usual  method  of  manufacture  at  present 
is  by  the  so-called  squirting  process.  The  raw  material  of 
which  the  filaments  are  made  is  usually  a  fine  grade  of  cot- 
ton, though  filter  paper  is  sometimes  used.  This  is  dissolved 
in  a  strong  solution  of  zinc  chloride  made  acid  by  the  addi- 
tion of  hydrochloric  acid;  the  solution  digests  the  cotton,  at 
first  producing  a  jelly-like  substance  and  finally  a  complete 
solution.     While  hot,  the  solution  is  filtered  and  subjected  to 
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a  vacuum  treatment  to  remove  all  traces  of  air.  The  mix- 
ture is  then  forced  through  small  holes,  or  dies,  and  thus 
squirted  into  the  form  of  threads  which,  as  they  emerge  from 
the  dies,  run  into  jars  containing  wood  alcohol;  the  alcohol 
hardens  the  squirted  thread,  which  coils  up  in  the  bottom  of 
the  jars.  When  a  jar  is  full,  the  alcohol  is  removed  and  the 
white  cellulose  thread  washed  thoroughly  for  several  hours 
to  remove  all  traces  of  zinc  chloride,  after  which  the  thread 
is  wound  on  drums  and  dried.  In  the  drying  process  the 
thread  shrinks  greatly;  if  squirted  through  a  .023-inch  hole, 
it  will  shrink  to  about  .008  inch.  The  carbonized  filaments 
are  made  by  winding  bunches  of  the  dried  thread  on  carbon 
forms,  which  are  then  bedded  in  charcoal  or  graphite  in  a 
crucible  and  subjected  to  a  high  temperature  for  several 
hours.  During  the  carbonizing  process  there  is  a  further 
shrinkage,  the  diameter  being  reduced  to  about  .0035  inch. 

After  carbonization,  the  filaments  vary  more  or  less  in 
diameter  and  they  are  sorted  into  lots  having  like  diameters 
before  being  subjected  to  the  treating^  or  flashing  process, 
which  is  carried  out  as  follows:  After  having  been  cut  to  the 
proper  length,  the  filaments  are  held  in  suitable  clamps  in  an 
air-tight  receptacle  from  which  the  air  has  been  exhausted, 
and  a  thin  vapor  of.  gasoline  substituted.  Sufficient  current 
is  then  passed  through  the  filaments  to  bring  them  to  incan- 
descence, thus  decomposing  the  gasoline  vapor  and  causing 
a  dense  layer  of  carbon,  in  a  form  similar  to  graphite,  to  be 
deposited  on  the  filament.  This  deposit  greatly  lowers  the 
resistance,  and  when  the  proper  resistance  is  attained 
the  current  is  cut  off  automatically;  uniformity  of  resistance 
is  thus  secured.  With  the  older  styles  of  filament  made  from 
bamboo  or  thread,  the  object  of  flashing  was  to  even  up  thin 
places  and  make  the  filaments  uniform.  Thus,  thin  parts  of 
the  filament  would  become  more  highly  heated  than  the 
parts  of  lower  resistance  and  there  would  be  a  greater  deposit 
of  carbon  on  the  hotter  parts.  In  squirted  filaments,  the 
flashing  is  not  necessary  so  far  as  securing  a  uniform  cross- 
section  is  concerned,  but  it  is  found  that  the  layer  of  dense 
graphitic  carbon  greatly  strengthens  the  filament  and  results 
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in  a  longer-lived  lamp.  Also,  heat  is  not  so  readily  radiated 
from  this  dense  outer  layer  as  from  an  untreated  filament, 
consequently  a  smaller  current  is  sufficient  to  maintain  the 
treated  filament  in  a  state  of  incandescence  and  the  flashing 
results  in  an  incr^se  in  efficiency.  It  is  this  layer  of 
graphitic  carbon  that  gives  the  filaments  their  familiar 
steel-like  appearance. 

11.  The  size  of  the  filament  depends  altogether  on  the 
candlepower  of  the  lamp  and  the  voltage  and  current  with 
which  it  is  to  be  supplied.  The  lamp  shown  in  Fig.  1  is  one 
of  16  candlepower,  such  as  would  ordinarily  be  used  on  a 
110-volt  circuit.  Such  a  lamp  would  require  about  i  ampere; 
hence,  from  Ohm's  law,  its  resistance 

when  hot  must  be  in  the  neighborhood 
of  220  ohms.  In  order  to  get  this 
high  resistance,  the  filament  must  be 
long  and  fine.  Lamps  designed  for 
low  voltage  and  large  current  would  be 
provided  with  short,  thick  filaments. 
Fig.  4  shows  a  low-voltage  lamp  de- 
signed to  take  about  82  amperes.  In 
this  case  the  filament  is  short  and  cor- 
respondingly thick. 

Fig.  3  shows  the  way  in  which  the 
filament  is  usually  moimted:  it  is 
fastened   to  the   platmum  wires  «,  a, 

which  are  sealed  into  the  glass  and  thus  render  the  globe  air- 
tight. The  junction  between  the  filament  and  the  leading-in 
wire  is  effected  by  means  of  carbon  paste;  this  paste  also 
enlarges  the  cross-section  of  the  joint,  so  that  the  heating 
is  small  compared  with  that  which  takes  place  in  the  filament 
itself,  and  the  leading-in  wires  are  therefore  kept  cool. 

12.  The  Lieadingr-In  Wires. — These  are  made  of  plati- 
num, because  this  metal  has  almost  exactly  the  same  coeffi- 
cient of  expansion  as  glass,  and  also  because  it  does  not 
oxidize.  If  the  glass  and  platinum  did  not  expand  at  the 
same  rate  when  heated,   cracks   would  form  at  the  point 
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where  the  wires  are  sealed  into  the  glass.  This  would  let 
in  the  air  and  the  filament  would  soon  burn  out.  A  film  of 
oxide  on  the  leading-in  wires  would  also  tend  to  let  air 
leak  into  the  globe,  and  platinum  does  not  oxidize.  Only 
enough  platinum  is  used  to  pass  through  the  glass,  as  shown 
at  tty  tty  Fig.  3.  Connection  is  made  to  the  base  by  means  of 
small  copper  wires  by  b  fused  to  the  platinum  at  r,  c.  In 
early  lamps,  the  whole  length  of  the  leading-in  wires  was  of 
platinum,  but  this  is  unnecessary  and  the  practice  was  soon 
discontinued,  owing  to  the  high  price  of  the  metal.  Substi- 
tutes for  platinum  for  the  leading-in  wires  have  been 
brought  out  from  time  to  time,  but  none  of  them  have  dis- 
placed it  as  yet. 

13.  Tlie  Bulb. — The  style  of  bulb  used  to  enclose  the 
filament  is  familiar  to  almost  everybody.  Different  shapes 
are  in  use,  but  by  far  the  most  common  is  the  pear-shaped 
bulb  shown  in  Fig.  1.  Bulbs  should  not  be  made  too  small, 
because,  as  the  lamp  bums,  the  filament  gradually  undergoes 
disintegration  and  small  particles  of  carbon  are  thrown  off 
and  deposited  on  the  globe.  This  causes  the  well-known 
blackening  of  the  lamp,  and  if  the  bulb  is  very  small  the 
blackening  is  aggravated,  because  the  surface  is  smaller  and 
the  deposit,  for  that  reason,  more  dense. 

14.  Exhaustion. — Fig.  5  shows  a  lamp  after  the  stem 
carrying  the  filament  and  the  leading-in  wires  have  been 
sealed  into  the  bottom.  The  lamp  is  now  ready  to  be 
exhausted.  In  order  to  accomplish  this,  the  bulb  is  first 
tubulatedy  i.  e.,  a  small  glass  tube  with  a  narrow  neck  at  a  is 
sealed  into  the  top  of  the  bulb. 

Numerous  methods  have  been  devised  for  the  exhaus- 
tion of  lamps.  Ordinary  mechanical  air  pumps,  those  that 
exhaust  the  air  by  the  operation  of  a  plunger  in  conjunction 
with  valves,  are  not  capable  of  producing  a  sufficiently  high 
degree  of  exhaustion.  Mercurial  air  pumps  were  formerly 
used  for  the  purpose,  but  have  been  superseded  by  the 
so-called  chemical  method,  which  is  very  much  quicker. 
In  this  process  a  finely  constructed  mechanical  air  pump  is 
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used  to  exhaust  the  greater  part  of  the  air  and  the  remaining 
oxygen  is  then  removed  by  introducing  a  chemical  that  will 
combine  with  it  and  render  it  incapable  of  oxidizing  the  fila- 
ment.    In  the  pump  used  for  this  purpose  the  valves  and 
piston  work  in  heavy  oil,  which  forms  a  seal  and  permits  a 
rather  high  degree  of  exhaustion  to  be  obtained.     A  small 
quantity  of  red  phosphorus  is  painted  in  the  **tubulation*' 
before  the  lamp  is  connected  to  the  pump.     A  few  seconds 
suffice  to  obtain  a  fairly  good  vacuum 
and  current  is  sent  through  the  lamp. 
The  filament  is  burned  at  a  very  high 
temperature,  thus  driving  off  air  from 
the  filament,  carbon  paste,  and  inside 
surface  of  the  bulb.     A  bluish  mist  fills 
the  lamp,  and  when  this  appears  a  gas 
flame   is    applied    to   the    part    of    the  | 
tubulation  painted  with  the  red  phos- 
phorus, thus  converting  some  of  it  into 
active  phosphorus,  which  combines  with 
the  remaining  oxygen  in  the  bulb  form- 
ing phosphoric  anhydride — a  solid.    The 
instant  this  combination  takes  place  the 
blue  mist  vanishes  and  the  operator  at 
once  ** seals  off'*  the  bulb  by  heating  the 
contraction  a,  Fig.  5,  in  the  glass  tube, 
thus  forming  the  tip  on  the  lamp.    The 
vacuum  is  tested  by  holding  the  lamp 
by  the  bulb  and  touching  the  terminal 
wires  to  one  terminal  of  an  induction  ^*°-  ^ 

coil.     If  the  vacuum  is  perfect,  no  glow  will  be  observed  in 
the  bulb;  if  the  vacuum  is  poor,  a  bluish  glow  will  appear. 

15.  Bases. — After  the  lamp  has  beeil  exhausted,  it  is 
complete  with  the  exception  of  the  base  N^  Fig.  1,  with 
which  it  must  be  provided  in  order  that  it  may  be  readily 
attached  to  the  socket.  These  bases  are  usually  made  of 
brass  and  porcelain,  the  lamp  being  held  m  them  by  a  setting 
of  plaster  of  Paris  or  cement. 
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In  Fig.  5,  the  lower  part  of  the  lamp  is  made  of  such 
shape  that  the  base  will  be  held  securely  when  the  plaster  of 
Paris  is  put  in  place.  The  rib  b  prevents  the  base  from  pull- 
ing off.  The  base  must,  of  course,  provide  two  terminals  for 
the  leads  from  the  filament,  these  terminals  being  arranged 
so  that  when  the  lamp  is  placed  in  the  socket  contact  will 
be  made  with  two  corresponding  terminals.  There  are 
three  different  bases  commonly  used  in  America;  these  are 
the  Edison;  the  Thomson-Houston,  or  71  H,,  as  it  is  more 
commonly  called;  and  the  Wesiinghousey  or  Sawyer-Man, 

Fig.  6  (a)  shows  the  Edison  base,  of  which  there  are 
more  in  use  than  all  the  others  put  together.  One  end  of 
the  filament  is  attached  to  the  outer  shell  /',  which  is  pro- 
vided with  a  coarse  screw  thread.     The  other  terminal  is 


r<M  (W  (e) 
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connected  to  the  projecting  centerpiece  /,  the  two  brass  pieces 
being  separated  by  means  of  a  porcelain  piece  c.  When  the 
lamp  is  screwed  into  the  socket,  the  screw  shell  makes  one 
connection  and  the  centerpiece  the  other.  Fig.  7  shows  a 
lamp  screwed  into  an  ordinary  Edison  key  socket. 

Fig.  6  (6)  shows  the  T.  H.  base,  so  called  because  it  was 
brought  out  by  the  Thomson-Houston  Company.  In  this 
base,  one  terminal  is  connected  to  a  brass  centerpiece  /  in 
which  a  hole  is  drilled  and  tapped.  The  other  terminal 
is  connected  to  the  brass  ring  /'.  This  base  has  the  advan- 
tage that  the  outer  shell,  if  one  is  used,  is  in  no  way  con- 
nected to  the  circuit,  and  there  is  therefore  less  danger  of 
receiving  a  shock  by  touching  the  lamp;  it  has  been,  and 
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srill  is,  used  to  a  considerable  extent,  though  it  is  gradually 
going  out  of  use,  as  it  is  more  expensive  to  make  than  the 
Edison  base.  It  works  loose  in  the  socket  a  little  more 
easily  than  the  Edison  base  when  the  lamp  is  subjected  to 
vibration.  When  placed  in  the  socket,  terminal  /  screws 
on  a  projecting  stud,  thus  making  one  connection;  the  other 
connection  is  made  by  the  ring  /'  coming  into  contact  with  a 
corresponding  ring  or  terminal 
in  the  socket.  The  later  tjrpes 
of  T.  H.  base  are  made  of 
porcelain  with  a  brass  center- 
piece and  outside  ring,  as  de- 
scribed above. 

Fig.  6  (c)  shows  the  West- 
ingrlioase  or  Saivyer-Man 
base,  as  it  is  sometimes 
called,  because  it  was  orig- 
inally brought  out  by  The 
Sawyer-Man  Company.  This 
base  is  similar  in  some  re- 
spects to  the  Edison,  but  the 
outer  shell  is  not  threaded;  the 
lamp  is  pushed  into  the  socket, 
the  outer  shell  slipping  into  a 
split  bushing  that  is  provided 
with  an  annular  groove.  The 
rib  d  slips  into  this  groove 
when  the  lamp  is  in  position 
and  prevents  the  lamp  slipping 
out.  The  other  connection  is 
made  by  the  projecting  pin  /  coming  into  contact  with  a 
spring  in  the  socket.  This  base  has  the  fault  that  it  some- 
times allows  the  lamp  to  drop  out  of  the  socket  if  the  split 
bushing  does  not  grip  the  rib  d  properly.  It  also  makes 
comparatively  poor  contacts,  which  become  worse  with  use. 

16.     When  incandescent  lamps  were  first  brought  into 
use  on  a  commercial  scale,  each  different  maker  had  his 

46B— 8 


C0nhd9L 


Pio.7 


Digitized  by 


Google 


12  INCANDESCENT  LIGHTING  §32 

own  style  of  lamp  base,  and  the  result  was  that  over  a  dozen 

different  types  were  in  use.     The  number  has,  however, 

been   gradually   reduced  until  the  three  mentioned  above 

probably  include  over  99  per  cent,  of  all  the 

bases  in  use  in  America.     The  chances  are 

that  in  a  few  years  the  Edison  base  will 

have  replaced  the  others,  because,  taking 

everything  into  consideration,  it  is  the  best 

base  of  the  three.      Even  plants  that  are 

equipped  with  sockets  of  other  makes  are 

fitting    them    with    adapters    so  that   they 

Pio.  8  ujay  be  able  to  use  Edison    base   lamps. 

Fig.  8  shows  an  adapter   for   changing  T.  H.   sockets  to  ' 

take  lamps  with  the  Edison  base. 


MEASUREMENTS  AND  LAMP  CAIiCUIiATIONS 


LIGHT    MEASUREMENTS 

17.  Incandescent  lamps  are  usually  designated  by  their 
candlepower.  For  example,  a  lamp  is  spoken  of  as  giving 
16  candlepower  when  it  produces  an  intensity  of  light  equal 
to  that  produced  by  16  standard  candles. 

The  unit  of  light  intensity  commonly  used  is  a  spermaceti 
candle  of  standard  dimensions.  Standard  candles  are  .9  inch 
in  diameter  at  the  base,  .8  inch  in  diameter  at  the  top,  and 
10  inches  long;  th^  bum  120  grains  of  spermaceti  and  wick 
combined,  per  hour.  Six  candles  weigh  1  pound.  The 
candle  is  not  a  very  satisfactory  standard,  as  it  is  subject 
to  considerable  variation,  and  other  standards  have  been 
brought  out  to  replace  the  candle  in  practical  work.  Various 
kinds  of  gas  and  oil  lamps  have  been  used  for  this  purpose, 
which,  although  less  liable  to  fluctuations  than  the  candle, 
have  not  yet  superseded  it. 

18.  The  Metliven  screen  is  a  convenient  standard  that 
has  been  largely  used.  It  consists  of  an  Argand  gas  burner 
provided  with  a  screen  that  cuts  off  all  the  light  from  the 


Digitized  by 


Google 


§32  INCANDESCENT  LIGHTING      .  13 

flame  except  a  small  portion  that  is  allowed  to  come  through 
a  thin-edged  standard  opening  in  the  screen.  The  size  of 
the  opening  is  .233  inch  wide  and  1  inch  long.  The  height 
of  the  flame  is  3  inches  and  the  screen  is  placed  li  inches 
from  the  axis  of  the  flame.  The  light  given  by  a  standard 
of  this  kind  will  vary  considerably  with  the  quality  of  the 
gas  used,  and  while  it  may  not  be  reliable  as  an  absolute 
standard,  it  makes  a  very  good  working  standard  after  its 
candlepower  is  known  by  comparing  it  with  a  standard 
candle.  A  slit  of  the  above  size  should  emit  about 
2  candlepower. 

19.  One  of  the  best  light  standards  is  the  amyl  acetate, 
or  Hefner,  unit.  This  lamp  consists  of  a  small  reservoir 
provided  with  a  wick  tube  of  standard  size.  The  lamp  bums 
amyl  acetate  and  the  flame  is  adjusted  until  its  tip  is  40  milli- 
meters above  the  top  of  the  wick  tube.  This  standard  is 
very  reliable  and  is  subject  to  little  variation,  but  it  has  the 
disadvantage  of  giving  a  light  of  reddish  tinge.  The  Hefner 
imit  is  not  quite  as  large  a  unit  of  light  as  the  English 
candle,  the  relation  being  1  candle  =  1.136  Hefner  units. 

20.  For  photometric  tests  connected  with  electric-light 
stations,  neither  the  candle  nor  the  amyl  acetate  lamp  is 
used  as  a  working  standard.  The  general  practice  is  to 
standardize  either  an  incandescent  lamp  or  an  oil  lamp  by 
comparing  it  with  a  standardized  lamp  such  as  can  be  obtained 
from  lamp  manufacturers  and  which  is  known  to  give  a  cer- 
tain number  of  candlepower  when  operated  at  a  specified 
voltage.  A  secondary  standard  of  this  kind  is  very  much 
easier  to  work  with  and  cheaper  to  operate  than  either  a 
standard  candle  or  amyl  acetate  lamp.  In  order  to  deter- 
mine the  candlepower  of  an  incandescent  lamp,  there  must 
be  some  means  of  comparing  the  intensity  of  illumination 
produced  by  the  lamp  with  that  produced  by  the  standard. 
An  instrument  for  doing  this  is  called  a  photometer. 

21.  liaTV  of  tlie  Photometer. — Suppose  a  candle  is 
placed  at  A,  Fig.  9,  and  a  screen  B  held  at  a  distance  of, 
say,  2  feet  from  it.     The  screens  are  here  shown  bent  so  as 
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to  represent  portions  of  spherical  surfaces  with  A  at  the 
center.  Consider  the  portion  abed  of  the  screen-^.  The 
intensity  of  illumination  on  the  area  abed  will  be  a  certain 
amount.  Now,  suppose  the  screen  to  be  moved  back  to  the 
position  C,  4  feet  from  A,  The  total  amount  of  light  that 
fell  on  the  area  abed^x^  now  be  distributed  over  the  area 
a'Vdd!.  The  area  a^ V d d'  is  four  times  that  of  abed^ 
because  A  m  is  twice  A  /  and,  consequently,  mk  is  twice  /^, 
or  ^  r'  is  twice  b  e.  The  total  quantity  of  light  falling  on  the 
two  surfaces  is  the  same,  and  since  the  area  of  a'  V  c^  d'  is 
four  times  that  of  abed,  it  follows  that  the  light  per  unit 


Fig.  9 

area  or  the  intensity  of  illumination  on  (J  V  d  cP  is  only  one- 
quarter  that  on  abed.  Doubling  the  distance  of  the  screen 
from  the  source  has  cut  down  the  intensity  of  illumination  to 
one-fourth  its  former  value.  If  the  distance  A  m  were  three 
times  as  great  as  A  /,  the  intensity  of  illumination  would  be 
one-ninth  that  on  abed.  This  law  may  then  be  stated  as 
follows: 

The  intensity  of  illumination  produced  by  a  souree  of  light  on 
any  object  varies  inversely  as  the  square  of  the  distance  of  the 
object  from  the  source. 

If  X  is  the  illumination  produced,  B  the  candlepower  of 
the  source  of  light,  and  d  the  distance,  then 
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22*  Elementary  Photometer. — Suppose  that  the 
brightness  of  two  sources  of  light,  such,  for  example,  as  a 
candle  and  an  incandescent  lamp,  are  to  be  compared.  If 
the  candle  A  and  the  lamp  B  are  placed  in  a  dark  room,  so 
that  there  will  be  no  other  light  to  interfere,  and  a  screen  C 
is  placed  between  them,  as  shown  in  Fig.  10,  one  side  of 
the  screen  will  be  illuminated  by  the  candle  and  the  other 
by  the  lamp.  If  the  candle  and  lamp  are  exactly  of  the 
same  brightness,  the  two  sides  of  the  screen  will  be 
equally  illuminated  when  placed  midway  between  the  sources 
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of  light;  and  if  the  screen  is  mounted  so  that  it  can  be  slid 
along  between  the  lights,  a  point  can  always  be  found  where 
the  screen  will  be  equally  illuminated  on  both  sides.  In  the 
present  case,  the  screen  would  have  to  be  moved  nearer  the 
candle  than  the  lamp,  because  the  candle  is  not  so  bright  as 
the  lamp.  Suppose  that  the  screen  has  been  adjusted  so 
that  the  illuminations  are  equal  on  each  side,  and  that  the 
distances  </»  and  dt  have  been  read  off  by  means  of  the 
scale  5,  dx  being  the  distance  from  the  screen  to  the  stand- 
ard candle  and  dt  the  distance  from  the  screen  to  the  light 
that  is  being  measured. 

Let  Xx  be  the  illumination  produced  on  one  side,  x^  that 
on   the  other,   and  B^   and  B^  the   candlepowers  of    the 
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standard  and  the  light  being  measured,  respectively.     Then, 

r|;  but,  su 


B  B 

from  formula  1,  ;r,  =  — |,  and  x^  =  — |;  but,  since  the  illu- 


minations  on  the  two  sides  are  equal,  , 

dx        fl. 

Now,  the  candlepower  B^  of  the  standard  is  supposed  to 

be   known,  and   since   the   distances   are   also  known,  the 

candlepower  B^  of  the  lamp  being  measured  can  at  once  be 

calculated.     For  this  purpose,  it  is  more  convenient  to  have 

the  last  equation  in  the  form 

A  =  ^.  ^         (2) 
dx 

23.  The  arrangement  shown  in  Fig.  10  is  a  simple  form 
of  photometer,  and  formula  2  expresses  the  relation  between 
the  candlepower  of  the  standard  and  that  of  the  lamp  being 
measured.  This  may  be  written  in  the  form  of  a  rule,  as 
follows: 

Bale. — The  candlepower  of  the  lamp  being  tested  on  a  photo- 
meter is  found  by  multiplying  the  candlepower  of  the  standard 
by  the  quotient  obtained  by  dividing  the  square  of  the  distance  of 
the  lamp  from  the  screen  by  the  square  of  the  distance  of  the 
standard  from  the  screen. 

EXA.MPLB. — Suppose,  in  Fig.  10,  that  -<4  is  a  standard  candle  giving 
1  candlepower  and  that  B  is  an  incandescent  lamp.  The  screen  is 
moved  until  a  point  is  found  where  the  two  sides  are  equally  illumi- 
nated. The  reading  on  the  scale  then  shows  that  the  distance  from  the 
standard  is  20  inches.  The  total  distance  between  the  lamps  is  100 
inches.    What  is  the  candlepower  of  ^? 

Solution. — If  the  total  length  of  the  photometer  is  100  in.,  the  dis- 
tance from  the  lamp  to  the  screen  must  be  100  —  20  =  80  in.  The 
candlepower  of  the  standard  is  1;  hence,  substituting  in  formula  2, 

^.  =  1  X  ^  =  16  c.  p.    Ans. 

24,  Bnnsen  Photometer. — The  Bunsen  photometer 
has  been  more  largely  used  than  any  other.  It  is  very  simple 
and  is  capable  of  giving  good  results  if  used  properly.  The 
arrangement  of  the  different  parts  is  essentially  the  same 
as  that  shown  in  Fig.  10,  but  the  distinguishing  feature  lies 
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in  the  style  of  screen  used.  It  would  be  a  difficult  matter 
to  tell  when  a  simple  screen  like  that  shown  in  Fig.  10  is 
illuminated  equally  on  both  sides,  and  to  overcome  this  diffi- 
culty Professor  Bunsen  devised  the  screen  shown  in  Fig.  11. 
It  is  made  by  taking  a  piece  of  good  quality  of  white  paper 
and  making  a  grease  spot  in  its  center,  as  indicated  by 
the  star  in  Fig.  11.  If  such  a  screen  is  held  so  that  the 
front  side  is  more  strongly  illuminated  than  the  back, 
the  grease  spot  will  appear  dark  on  the  white  ground  of  the 


(b) 


¥ 


Oj^ 


if^   ^ 

fgr         (c) 
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paper,  as  shown  in  {a).  If,  however,  the  screen  is  more 
brightly  illuminated  on  the  back  side,  as,  for  example,  if  it 
is  held  between  the  eye  and  a  window,  the  grease  spot 
will  appear  light  on  a  dark  ground,  as  shown  in  (^).  If  such 
a  screen  is  mounted  in  place  of  the  screen  C  in  Fig.  10, 
and  arranged  so  that  both  sides  can  be  seen  at  once,  the 
grease  spot  will  disappear  almost  entirely  when  the  two 
sides  of  the  screen  are  equally  illuminated.  In  order  to 
facilitate  the  observation  of  the  screen,  it  is  usually  arranged 
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with  two  mirrors  mounted  at  a  slight  angle  to  it,  as  shown 
at  i^,  i^  in  (c).  S  is  the  screen  with  the  grease  spot,  and 
the  observer  looks  at  the  reflection  of  the  two  sides  of  the 
screen  in  the  mirrors  instead  of  the  screen  itself.  The 
screen  and  the  mirrors  are  mounted  in  a  box,  which  is  open 
at  the  ends  to  admit  the  light  from  the  sources  and  which 
is  also  provided  with  an  opening  in  the  front  to  enable  the 
observer  to  see  the  reflections  of  the  screen. 

25*  Fig.  12  shows  the  arrangement  of  the  parts  of  a 
simple  photometer  of  the  Bunsen  type  designed  by  Elmer 
G.  Willyoung  for  use  in  connection  with  lighting  stations. 
A,  the  standard — in  this  case  an  incandescent  lamp  of  accu- 
rately known  candlepower — and  B,  the  light  to  be  measured; 
D  is  the  bar  on  which  the  carriage  containing  the  screen 
slides;  the  part  D  is  usually  spoken  of  as  the  photometer 
bar.  E  is  the  carriage  containing  the  Bunsen  screen.  The 
motor  F  is  used  to  spin  the  lamp  B  while  measurements  are 
being  made;  the  reason  for  doing  this  will  be  explained  later. 
G  and  //  are  two  adjustable  resistances  for  keeping  the  volt- 
age applied  to  the  lamps  at  the  proper  value. 

26.  Fig.  13  shows  a  Deshler-McAllister  photometer — a 
simple  instrument  that  has  been  quite  largely  used  in  light- 
ing stations  for  testing  the  light-giving  qualities  of  the  lamps 
they  are  using.  The  principal  difference  between  this 
instrument  and  the  one  previously  described  is  that  an  oil 
lamp  A  is  used  as  a  working  standard  instead  of  an  incan- 
descent lamp.  The  bar  is  also  provided  with  a  scale  reading 
directly  in  candlepower,  though  the  Willyoung  instrument 
could  also  be  provided  with  a  direct-reading  scale,  if  desired. 
One  objection  to  using  an  incandescent  lamp  as  a  light 
standard  is  that  its  voltage  must  be  constantly  watched  and 
kept  at  the  proper  amount.  It  is  largely  to  get  around  this 
difficulty  that  the  oil  lamp  is  used.  This  is  an  ordinary 
lamp  provided  with  a  double  wick  and  an  adjustable  screen  5, 
by  means  of  which  the  upper  and  lower  ragged  edges  of  the 
flame  are  cut  off.  /f,  J^  are  standard  incandescent  lamps 
that  have  been  accurately  calibrated  at  the  lamp  factory  and 
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of  which  the  candlepower,  at  the  voltage  marked  on  them» 
is  known.  Each  of  these  standard  lamps,  in  succession,  is 
placed  at  B  and  the  pointer  of  the  carriage  set  at  the  point 
on  the  bar  corresponding  to  the  candlepower  marked  on  the 
lamp.  The  voltage  at  the  lamp  is  then  adjusted  by  means 
of  the  rheostat  G  until  it  corresponds  exactly  with  that 
marked.  When  this  has  been  done,  the  screen  5  in  front  of 
the  flame  of  A  is  adjusted  until  the  grease  spot  is  balanced. 
The  lamp  A  is  then  of  the  same  candlepower  as  the  standard 
and  may  be  used  for  the  measurement  of  other  lamps,  since 
after  it  is  once  adjusted  it  is  not  likely  to  change,  though  it 
should  be  checked  up  now  and  then  to  make  sure  that  it 
does  not  do  so.  The  object  in  having  a  number  of  standard 
lamps  Ky  K  instead  of  one  only  is  to  have  a  check  against 
any  errors  that  might  be  caused  by  changes  in  the  lamps. 
Screens  L^L  are  provided  to  cut  off  the  light  from  the 
observer's  eyes  and  a  motor  /Misused  to  rotate  the  lamp. 
These  station  photonjeters  are  not  expensive,  and  if  prop- 
erly used  are  of  great  value  in  detecting  poor  lamps. 

27*  After  a  person  has  become  accustomed  to  the 
photometer,  good  results  can  be  obtained  provided  the 
following  conditions  are  fulfilled: 

1.  The  lights,  both  the  standard  and  the  light  being 
measured,  should  be  steady. 

2.  The  standard  and  the  light  being  measured  should  be 
of  approximately  the  same  color. 

3.  The  brightness  of  the  light  being  measured  and  that 
of  the  standard  should  not  differ  to  an  extreme  degree;  for 
example,  good  results  could  not  be  expected  if  an  attempt 
were  made  to  compare  an  arc  lamp  with  a  candle. 

Most  ordinary  photometer  bars  are  fitted  with  a  scale 
divided  into  equal  divisions,  as  shown  in  Fig.  10,  so  that  the 
distances  may  be  read  off  and  the  candlepower  calculated 
from  these  distances  and  the  known  candlepower  of  the 
standard.  If  the  standard  used  is  always  of  the  same  value, 
it  is  evident  that  the  bar  might  be  graduated  to  read  directly 
in  candlepower,  as  in  the  photometer  shown  in  Fig.  13, 
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Where  many  lamps  are  to  be  tested,  this  can  usually  be 
done,  as  the  same  standard  can  be  used  all  the  time  and 
readingfs  taken  rapidly  from  the  bar  as  soon  as  the  setting: 
of  the  screen  is  made.  Many  modifications  of  the  photometer 
have  been  made,  but  the  above  will  give  a  general  idea  of 
the  principles  involved  and  of  some  of  the  forms  especially 
useful  in  connection  with  electric-light  stations. 


LIGHT    DISTRIBUTION 

28.  Mean  Horizontal  Candlepoiver. — If  an  incan- 
descent lamp  is  set  on  a  photometer  and  its  candlepower 
measured,  it  will  be  found  that  different  values  for  the 
candlepower  are  obtained,  depending  on  the  position  of  the 
lamp  and  the  shape  of  the  filament.  For  example,  in  Fig.  14 
the  brightness  of  the  lamp  in  the  different  horizontal  direc- 
tions 1,  2,  3,  4,  etc.  would  not  be  the  same.  The  candle- 
power  given  out  in  the  different  horizontal  directions  along 
any  line,  such  as  those  shown  in  Fig.  14,  is  known  as  the 
horizontal  candlepoiiver  for  that  position.     The  mean  or 
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average  horizontal  candlepower  is  the  average  value  of  these 
different  readings  and  is  frequently  obtained  by  taking  the 
reading  from  the  lamp  while  it  is  rapidly  revolved  about  its 
vertical  axis.  The  photometers  just  described  are  arranged 
so  that  the  lamp  can  be  revolved  at  the  rate  of  about 
180  revolutions  per  minute,  thus  giving  the  average,  or 
mean,  horizontal  candlepower.  The  horizontal  candlepower 
does  not  vary  greatly  in  different  directions  with  lamps  as 
now  constructed.  This  is  shown  by  the  irregular  curve. 
Fig.  14.    The  distance  of  the   points   on   this  curve  from 
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the  center  represents  the  candlepower  in  the  direction  of  the 
radius  from  that  point,  and  if  the  candlepower  were  the 
same  in  all  directions,  the  curve  would  become  a  circle. 

29.  Vertical  Distribution. — Fig.  15  shows  the  read- 
ings for  the  candlepower  obtained  in  a  vertical  plane  with  the 
filament  in  the  position  shown.  Viewed  from  position  i, 
the  candlepower  is  practically  zero,  because  the  light  is 
almost  completely  cut  oflE  by  the  base  of  the  lamp.  At 
points  2  and  ^  it  is  a  maximum,  because  viewed  from  these 
points  the  maximum  amount  of  the  filament  is  seen.  At 
point  3  the  candlepower  again  drops  off,  because  here  the 
filament  is  seen  end  on.  The  curve  of  horizontal  distribu- 
tion gives  an  idea  as  to 
how  the  lamp  throws  light 
in  a  horizontal  plane,  and 
the  curve  of  vertical  dis- 
tribution shows  how  the 
lamp  behaves  as  to  throw- 
ing the  light  up  or  down. 
In  speaking  of  the  candle* 
power  of  an  incandescent 
lamp,  the  mean  horizontal 
candlepower  is  usually 
meant,  and  this  is  most 
readily  obtained  by  spin- 
ning the  lamp  as  described  above.  In  many  cases,  how- 
ever, it  is  customary  to  measure  the  candlepower  in  one 
direction  only,  and  the  error  in  doing  so  is  not  usually 
very  great,  because  filaments  are  nearly  always  twisted 
and  the  candlepower  does  not  vary  greatly  when  the  lamp 
is  viewed  from  different  directions.  In  case  the  lamp  is 
not  revolved  when  measurements  are  being  taken,  it  should 
be  adjusted  with  the  plane  of  its  filament  at  such  an  angle 
to  the  photometer  bar  as  will  give  the  mean  candlepower. 
For  example,  in  Fig.  16,  suppose  that  AB  represents  the 
axis  of  the  bar  and  that  we  are  looking  down  on  the  top  of 
the  lamp.    The  line  CD  will  indicate  the  relative  position  of 
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the  plane  of  the  filament.  The  angfle  a  at  which  the  filament 
should  be  inclined  will  depend  on  the  style  of  filament  used. 
For  plain  loop  filaments  it  should  be  about  60°  and  for 
spiral  filaments  30°. 

30.  Mean  Spherical  Candlepower. — If  a  lamp  is 
hung  so  that  it  can  be  viewed  from  any  direction,  it  is  clear 
that  if  viewed  from  any  number  of  different  points  a  corre- 
sponding number  of  different  values  for  the  candlepower 
will  be  obtained.  If  several  readings  are  taken  at  regular 
intervals  and  averaged,  the  mean  spherical  candlepoiiver 
of  the  lamp  will  be  obtained.  In  other  words,  the  mean 
spherical  candlepower  represents  that  intensity  of  illumi- 
nation to  which  the  irregular  illumination  of  the  lamp  would 
be   equivalent  if   it  were  an  average  candlepower  given 
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out  uniformly  in  all  directions.  The  mean  hemispherical 
candlepower  is  the  average  of  the  candlepowers  taken  over 
a  hemisphere.  When  a  lamp  is  provided  with  a  shade  or  a 
reflector,  nearly  all  the  light  is  thrown  down  and  the  mean 
candlepower  for  the  lower  hemisphere  is  made  greater  than 
the  mean  spherical  candlepower  for  the  lamp  without  a 
reflector.  In  connection  with  commercial  measurements  on 
incandescent  lamps,  the  mean  spherical  candlepower  is  not 
used  to  any  great  extent.  It  is  used  more  in  connection 
with  arc  lamps.  One  arc  lamp  may  give  a  widely  different 
spherical  distribution  from  another,  and  in  comparing  such 
lamps  the  mean  spherical  candlepower  forms  the  fairest 
basis  of  comparison.  Incandescent  lamps  are  made  in  a 
variety   of   sizes,   the   most   common  candlepowers   being 
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4,  8,  10,  16,  20,  32,  50,  and  100.  The  16-candlepower  lamp 
is  the  one  most  generally  used.  Small  lamps  of  i,  1,  and 
2  candlepower  are  also  used  for  decorative  and  advertising 
purposes.  

PROPERTIES    OF    INCANDESCENT    LAMPS 

31  •  Temperature. — The  temperature  at  which  the  fila- 
ment of  a  lamp  is  worked  may  be  anywhere  from  1,800°  to 
1,950°  C.  The  hotter  the  filament,  the  greater  is  its  light- 
giving  power  per  watt  consumed.  Of  course,  it  is  desirable 
to  operate  a  lamp  so  that  it  will  give  a  large  amount  of  light 
per  watt,  provided  this  can  be  done  without  injuring  the 
lamp.  At  a  temperature  of  about  1,900°,  an  ordinary  lamp 
will  give  about  i  candlepower  per  watt;  a  16-candlepower 
lamp  would  at  this  rate  take  48  watts,  or  3  watts  per  candle. 
At  a  temperature  of  1,800°,  the  same  lamp  might  give  about 
i  candlepower  per  watt  and  thus  require  64  watts  for  its 
operation.  Although  it  is  thus  advantageous,  as  far  as 
power  consumption  goes,  to  work  the  •  lamp  at  a  high 
temperature,  it  is  found  that  if  the  temperature  is  pushed 
too  high,  the  life  of  the  lamp  is  greatly  shortened.  On  the 
other  hand,  if  the  lamp  is  worked  at  a  very  low  temperature, 
it  gives  a  small  amount  of  light  compared  with  the  power 
consumed,  and  although  its  life  may  be  long,  it  is  not  satis- 
factory as  a  light-giving  sotirce. 

32,  Efficiency. — When  the  efficiency  of  an  incandescent 
lamp  or  arc  lamp  is  spoken  of,  the  power  consumption  per 
candlepower  is  meant.  Fot  example,  if  an  incandescent 
lamp  required  3.5  watts  for  each  mean  horizontal  candle- 
power,  its  efficiency  would  be  3.5,  or  it  would  be  spoken  of 
as  a  3.5-watt  lamp.  This  is  not  a  very  satisfactory  method 
of  expressing  efficiency,  because,  according  to  this,  the  larger 
the  power  consumption  per  candlepower,  the  greater  is  the 
efficiency;  while  in  point  of  fact  just  the  reverse  is  the  case. 
A  much  better  way  to  give  the  efficiency  would  be  to  express 
it  as  so  many  candlepower  per  watt,  and  in  some  cases  it  is 
expressed  this  way.     Evidently,  the  greater  the  number  of 
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candlepower  per  watt  consumed,  the  greater  is  the  efficiency. 
At  present,  however,  efficiency  is  nearly  always  expressed  as 
so  many  watts  per  candle.  The  power  consumption  per 
candlepower  varies  considerably.  If  the  filament  is  worked 
at  a  high  temperature,  1  candlepower  may  be  obtained  for 
every  2.75  watts  expended,  or  even  less,  but  such  lamps  are 
apt  to  have  a  short  life  and,  in  any  event,  require  very 
steady  voltage  regulation.  In  ordinary  work,  lamps  give 
about  .3  candlepower  per  watt,  i.  e.,  they  require  about 
3.33  watts  per  candlepower.  This  is  a  fair  value  for  the 
power  consumption  of  an  ordinary,  lamp.  A  lamp  may  take 
as  low  as  3  or  3.1  watts  per  candlepower  when  first  installed, 
but  its  light-giving  properties  fall  off  after  it  has  been  in 
operation  for  a  time  and  the  power  consumption  may  run  up 
as  high  as  3.8  or  even  4  watts  per  candle.  From  3.3  to  3.5 
watts  per  candlepower  is  therefore  a  fair  average.  High- 
voltage  lamps  (220  volt)  have  a  somewhat  lower  efficiency 
ranging  from  4  to  4.2  watts  per  candlepower. 

33.  Connections  for  Testingr* — When  testing  lamps, 
a  careful  record  should  be  kept  of  the  length  of  time  they 
have  burned,  also  of  the  voltage  and  current.  With  this 
data  at  hand,  together,  of  course,  with  the  readings  of 
candlepowei:  as  given  by  the  photometer,  the  efficiency  of 
the  lamp  at  any  time  during  the  test  may  be  at  once 
determined.  Accurate  instruments  must  be  used,  and  their 
scales  should  be  so  divided  that  the  ammeter  or  mil-ammeter 
may  be  read  to  toW  ampere  and  the  voltmeter  to  iV  volt. 
A  variable  resistance  should  also  be  inserted  in  series  with 
the  lamp  so  that  the  voltage  across  the  lamp  terminals  may 
be  kept  nearly  constant. 

34.  Fig.  17  shows  an  arrangement  of  connections  for 
lamp  testing.  Switch  1  short-circuits  the  current  coil  of  the 
wattmeter  and  switch  2,  the  ammeter.  The  adjustable  resist- 
ance allows  the  pressure  to  be  maintained  at  the  rated  voltage 
of  the  lamp  under  test.  In  Fig.  17,  a  wattmeter  is  shown  in 
addition  to  the  ammeter  and  voltmeter,  though  it  is  not 
essential  because  the  watts  can  be  easily  calculated  from  the 
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voltage  and  current  readings.  A  good  ammeter  and  volt- 
meter are  to  be  preferred  to  a  wattmeter  for  this  kind  of 
work,  as  the  results  are  more  likely  to  be  accurate.  Direct 
current  should,  if  possible,  be  used  for  all  testing,  as  alter- 
nating-current instruments  are  more  likely  to  lead  to  inac- 
curate results.  Current  supplied  from  a  direct-current 
djmamo  running  at  constant  speed  may  be  used,  but  it 
is  more  satisfactory  to  use  a  storage  battery  as  the  source 
of  supply,  as  the  current  from  it  is  perfectly  steady. 
Readings  of  candlepower,  current,  and  voltage  should  be 
taken  as  nearly   simultaneously   as   possible.     When   the 
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standard  is  an  incandescent  lamp,  it  is  advisable  to  supply 
both  the  standard  and  the  lamp  under  test  from  the  same 
circuit.  Any  fluctuations  in  voltage  will  then  affect  both 
lamps  and  their  relative  candlepower  will  be  almost  unaf- 
fected. The  results  will,  therefore,  be  much  more  accurate 
than  if  the  two  lamps  were  run  from  separate  sources 
of  current. 

35.  Liamp  Estimates. — ^With  an  average  power  con- 
sumption of  3.3  watts  per  candlepower,  a  16-candlepower 
lamp  will  require  16  X  3.3  =  52.8  watts.  The  current  that 
the  lamp  will  require  will  depend  on  the  voltage  at  which  it 
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is  operated.     The  current  in  any  case  can  be  obtained  by  the 
following  formula: 

in  which  CP  =  candlepower; 

JV  =  watts  per  candlepower; 

£  =  voltage  across  the  lamp  terminals. 

ExABfPLB. — ^A  32-candlepower  lamp  requires  3.5  watts  per  candle- 
power  and  is  designed  to  operate  at  a  pressure  of  110  volts.  What  will 
be  the  current  taken  by  the  lamp  and  what  will  be  the  resistance  of 
the  lamp  when  hot? 

Solution. — From  formula  3, 

32  X  3  5 
current  =  —  ^  '     =1.02  amperes,  nearly.    Ana. 

From  Ohm's  law,  I  ^  -^,  ox  R  =  -j\  hence, 

resistance  =  ttttx  =  107.8  ohms.    Ans. 
1.02 

Note. — The  value  of  the  resistance  of  an  incandescent  lamp  obtained 
by  dividing  the  E.  M.  F.  by  the  current  gives  the  hot  resistance. 
The  resistance  of  carbon  decreases  as  the  temperature  increases,  until 
a  certain  point  is  reached  beyond  which  the  resistance  remains  nearly 
constant.  Since  the  temperature  is  high  in  an  incandescent  lamp, 
the  cold  resistance  is  very  much  higher  than  the  hot;  it  may  be 
almost  double  the  hot  resistance.  In  practical  work,  we  are  not,  as  a 
rule,  concerned  directly  with  the  cold  resistance  of  the  lamps,  and 
when  the  resistance  is  spoken  of,  the  hot  resistance  is  meant.  A 
16-candlepower,  110-volt  lamp  has  a  hot  resistance  in  the  neighbor- 
hood of  220  ohms. 

Small  incandescent  lamps  require  a  larger  number  of  watts 
per  candlepower  than  large  ones.  For  example,  a  4-candle- 
power  lamp  requires  in  the  neighborhood  of  20  watts; 
6-candlepower,  25  watts;  8-candlepower,  32  watts;  and 
10-candlepower,  37  watts.  In  general,  then,  the  substitution 
of  a  small  lamp  for  a  larger  one  will  result  in  a  saving  in 
power,  but  not  in  direct  proportion.  For  example,  if  an 
8-candlepower  lamp  were  substituted  for  a  16-candlepower, 
the  power  consumption  might  be  reduced  from  about  52.8 
watts  to  32  watts. 

36«  Allowing  for  loss  in  the  line,  it  will  probably 
require  about  60  watts  at  the  dynamo  terminals  for  every 
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16-candlepower  lamp  operated.     Hence,  if  the  output  of  the 
dynamo,  in  kilowatts,  is  known,  the  number  of  16-candle- 
power lamps  that  it  is  capable  of  operating  may  be  obtained 
approximately,  by  the  following  formula: 

Number  of  16-candlepower  lamps  =  — ^^ (4) 

in  which  KWis  the  capacity  of  the  dynamo  in  kilowatts. 

Example. — ^About  how  many  16-candlepower  lamps  should  a 
12- kilowatt  dynamo  be  capable  of  operating? 

Solution.— Number  of  lamps  =  — — jttt —     =  200.    Ans.  * 

Sometimes  the  output  of  the  dynamo  is  given  in  volts  and 
amperes  instead  of  in  kilowatts.  In  such  cases,  the  output 
in  watts  is  easily  obtained  by  multiplying  the  volts  by  the 
amperes,  and  the  number  of  16-candlepower  lamps  that 
the  dynamo  can  operate  may  then  be  obtained  by  dividing 
by  60,  as  before. 

Example. — ^A  dynamo  is  capable  of  delivering  an  output  of 
70  amperes  at  a  pressure  of  115  volts.  About  how  many  16-candle- 
power lamps  can  it  run? 

Solution. — The  output  in  watts  will  be  115  X  70  =  8,050,  and  since 

each  lamp  requires  about  60  watts,  the  capacity  of  the  machine  will 

.     8,050       ,„.  ,  . 

be  -^TT-  =  134  lamps.    Ans. 

Note. — When  the  capacity  of  a  d3mamo  is  given  as  so  many  lamps, 
16-candlepower  lamps  are  always  meant.  If  32-candlepower  lamps  are 
operated,  each  32-candlepower  lamp  should  be  counted  as  the  equiv- 
alent of  two  of  16  candlepower. 

37.  The  number  of  indicated  horsepower  required  at  the 
steam  engine  to  operate  a  given  number  of  lamps  will 
depend  on  the  amount  of  power  lost  in  the  dynamo  and 
engine.  The  approximate  rule  given  above  supposes  that 
60  watts  are  required  at  the  terminals  of  the  dynamo  for 
each  lamp  operated.  There  will  be  some  loss  in  the  dynamo 
and  in  the  engine,  so  that  the  indicated  power  at  the  cylin- 
der of  the  engine  must  be  more  than  60  watts  per  lamp. 
Just  what  this  indicated  power  must  be  will  depend  on  the 
combined  efficiency  of  the  engine  and  dynamo,  and  this  wilU 
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in  turn,  depend  on  the  size  and  type  of  engine  and  dynamo. 
Generally  speaking,  ten  16-candlepower  lamps  can  be 
operated  per  indicated  horsepower;  this  number  is  exceeded 
somewhat  with  large  engines  and  dynamos,  but,  on  the  other 
hand,  with  poor  apparatus  the  lamps  per  indicated  horse- 
power may  fall  below  the  number  given. 

ExAMPLB. — ^An  isolated  plant  is  to  be  installed  for  operating  350 
16-candlepower  lamps:  (a)  What  should  be  the  indicated  horsepower 
of  the  engine?  (d)  What  should  be  the  approximate  capacity  of  the 
dynamo  in  kilowatts? 

Solution. — (a)  Allowing  10  lamps  per  indicated  horsepower,  the 

350 
horsepower  of  the  engine  would  have  to  be  --^-  =  35. 

{d)  Allowing  60  watts  at  the  dynamo  terminals  per  lamp,  the  out- 
put in  watts  would  be  350  X  60  =  21,000,  or  21  kilowatts.    Ans. 

38.  lilfe. — The  length  of  time  that  an  incandescent 
lamp  will  bum  before  giving  out  is  very  uncertain  and 
depends  on  a  number  of  different  things.  Sometimes  there 
may  be  defects  in  the  manufacture  that  will  cause  a  lamp  to 
bum  out  in  a  very  short  time,  though  systematic  testing  at 
the  factory  has  resulted  greatly  in  the  reduction  of  the 
number  of  such  lamps  that  reach  the  consumer.  Lamps  are 
often  mn  at  a  higher  voltage  than  they  should  be,  and 
although  this  makes  them  give  a  good  light  for  the  time 
being,  it  shortens  their  life  greatly.  Raising  the  pressure 
1  or  2  volts  above  the  proper  amount  on  a  110-volt  lamp  may 
shorten  its  life  as  much  as  15  to  25  per  cent.  On  the  other 
hand,  it  does  not  pay  the  central  station  to  mn  the  voltage 
low,  because,  although  the  lamps  may  last  longer,  they  will 
not  give  a  good  light  and  will  give  rise  to  dissatisfaction  on 
the  part  of  the  customers.  It  is  always  best  to  run  the 
lamps  as  nearly  as  possible  at  the  voltage  for  which  they 
are  designed,  and  to  run  the  plant  so  that  the  regulation  will 
be  good,  i.  e.,  so  that  the  voltage  at  the  lamps  will  be  nearly 
constant,  no  matter  how  the  number  of  lamps  in  use  may 
vary.  It  has  been  found,  experimentally,  that  the  life  of  a 
lamp  varies  approximately  as  the  fifth  power  of  the  efficiency 
expressed  in  watts  per  candle.     Thus,  if  Z^  is  the  life  when 
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burned  at  an  efficiency  of  JV,  and  L,  the  life  when  bomed  at 
an  efficiency  of  fV„ 


or 


L.  =  ^^"J^         (5) 


Example. — If  a  lamp  has  a  life  of  800  bonrs  when  bamed  at  a 
normal  efficiency  of  3.1  watts  per  candle,  what  will  its  life  be  when 
burned  at  an  efficiency  of  3.4  watts  per  candle? 

Solution.—    ^i  =  3.1;  ^,  =  3.4;  Li  =  800;  hence,  from  formnla  5, 

Ln  =  — g  ., '      =  1,270  hr.,  approximately.    Aos. 

The  slight  increase  in  the  watts  per  candle  (from  3.1 
to  3.4)  means  that  the  filament  is  worked  at  a  lower  tem- 
perature and  there  is  consequently  a  large  increase  in  the 
life  of  the  lamp,  though  the  light  is  not  obtained  as  econom- 
ically so  far  as  the  cost  of  power  is  concerned. 

39.  Assuming  that  the  voltage  is  kept  constant,  a  lamp 
will  gradually  fall  oflE  in  brilliancy  after  it  has  been  burned 
for  some  time,  and  after  a  certain  point  is  reached  it 
becomes  so  uneconomical  that  it  pays  better  to  replace  it  by 
a  new  one  rather  than  attempt  to  run  it  until  it  bums  out. 
The  length  of  time  during  which  it  pays  to  burn  a  lamp  is 
difficult  to  decide.  Lamps  will  frequently  bum  over  2,000 
hours  before  they  give  out,  but  after  they  have  burned  from 
500  to  700  hours  their  candlepower  has  fallen  off  to  such  an 
extent  that  it  will  probably  pay  to  replace  them.  Many 
large  central  stations  make  it  a  rule  to  replace  lamps  when 
they  have  fallen  off  to  80  per  cent,  of  their  original  candle- 
power.  For  example,  a  16-candlepower  lamp  would  be 
discarded  when  it  had  fallen  off  to  12.8  candlepower. 

40.  The  falling  off  in  candlepower  is  generally  attrib- 
uted to  a  disintegration  of  the  carbon.  The  filament  grad- 
ually increases  in  resistance  on  account  of  small  particles  of 
carbon  being  thrown  off;  this  increase  in  resistance  results 
in  a  decrease  in  current  and,  consequently,  in  a  decrease 
in  candlepower.     Moreover,  the  small  particles  of  carbon 
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are  deposited  on  the  inside  of  the  globe,  thus  producing 
the  well-known  blackening  effect*  and  further  reducing 
the  illuminating  power  of  the  lamp.  Lamps  have  been 
very  much  improved  of  late  years  as  regards  this  falling 
off  in  candlepower.  The  two  curves,  Fig.  18,  given  by 
Mr.  F.  W.  Willcox,*  illustrate  the  improvement  in  this 
respect,  the  upper  curve  being  for  a  modem  lamp  and  the 
lower  for  an  old-style  lamp.  Both  lamps  start  out  with  the 
same  candlepower,  and   the   lines  show  the  percentage  of 
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the  initial  candlepower  after  the  lamps  have  been  burning  for 
different  intervals  of  time.  There  is  a  steady  decline  in  the 
candlepower  of  the  old  lamp  from  the  time  it  starts  burning, 
and  at  the  end  of  500  hours  it  is  only  giving  70  per  cent,  of 
the  light  it  gave  at  the  start.  The  candlepower  of  the  other 
lamp,  on  the  contrary,  increases  slightly  during  the  first 
25  hours,  and  at  the  end  of  75  hours  has  returned  to  its 
original  candlepower.     It  then  falls  off  in  candlepower,  but 
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at  the  end  of  600  hours  is  still  giving  about  77  per  cent,  of 
the  original  amount. 

41.  Voltasres. — The  voltage  of  an  incandescent  lamp  is 
the  pressure  that  must  be  maintained  between  its  terminals 
in  order  that  the  resultant  current  shall  cause  the  lamp  to 
give  its  rated  candlepower.  By  far  the  greater  number  of 
incandescent  lamps  in  use  are  designed  for  voltages  any- 
where between  the  limits  of  100  and  125  volts.  For  example, 
100,  104,  110  are  common  values.  When  alternating  current 
was  first  introduced,  it  admitted  the  use  of  low  voltages  at 
the  lamps,  because  the  current  could  be  transmitted  at  high 
pressure  and  then  transformed  to  low  pressure.  At  that 
time,  it  was  more  difficult  to  make  durable  and  efficient 
lamps  for  100  or  110  volts  than  for  lower  voltages,  and  a 
pressure  of  50  or  52  volts  for  the  lamps  became  common. 
This  pressure  is  no  longer  used  on  new  installations,  because 
there  is  now  no  difficulty  in  making  lamps  for  the  higher  volt- 
ages. A  pressure  of  80  volts  has  been  customary  for  marine 
work,  but  in  modem  installations  110  to  125  volts  is  used. 
Of  late  years,  it  has  become  possible  to  make  lamps  for 
220  to  250  volts,  and  a  number  of  plants  using  lamps  of  this 
voltage  are  in  successful  operation. 

In  connection  with  lamp  voltages,  it  may  be  interesting 
to  note  that  in  the  process  of  manufacture  it  is  impossible  to 
make  all  the  lamps  come  out  at  the  voltage  aimed  at.  For 
example,  if  a  lot  of  110- volt  lamps  were  to  be  made  up,  a 
great  many  of  them  would  come  out  at  108,  109,  111,  or 
thereabouts.  It  is  often  a  good  plan,  therefore,  for  a  station 
to  operate  at  an  odd  voltage  of,  say,  107  or  111  rather  than 
at  110,  as  the  chances  are  that  if  lamps  are  ordered  for  the 
odd  voltages  they  will  be  obtained,  whereas,  if  ordered  for 
the  even  110  volts,  it  is  probable  that  108-volt  or  109-volt 
lamps  marked  110  will  be  supplied,  because  it  would  be 
practically  impossible  to  supply  all  the  lamps  of  exactly 
110  volts  without  especially  selecting  them. 

42,  General  Kemarks. — Incandescent  lamps  are  made 
for  a  wide  range  of  voltage  and  candlepower.     The  power 
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consumption  per  candlepower  also  varies  through  wide  limits. 
High-efficiency  lamps,  in  general,  will  have  a  short  life  unless 
the  voltage  regulation  is  very  good;  hence,  high-efficiency 
lamps  should  not  be  used  in  places  where  the  regulation  is 
poor.  In  order  to  determine  the  current  that  any  lamp  will 
take,  its  power  consumption  per  candle  must  be  known  and 
the  current  may  then  be  calculated.  When  making  wiring 
estimates,  or  in  any  case  where  the  approximate  current 
only  is  needed,  the  following  values  of  the  current  required 
per  lamp  may  be  used: 

TABIiB  I 


Candle-- 
power 

Voltage 

Current 
Amperes 

Candle- 
power 

Voltage 

Current 
Amperes 

10 

no 

.36 

16 

52 

1. 00 

i6 

no 

.50 

32 

52 

2.00 

32 

no 

1. 00 

16 

220 

•30 

10 

52 

.75 

43.  Heating:. — ^A  16-candlepower,  64-watt  incandescent 
lamp  gives  off  about  220  British  thermal  units  of  heat  per 
hour.  A  British  thermal  unit  is  equivalent  to  the  amount  of 
heat  that  is  required  to  raise  1  pound  of  water  from  62°  F. 
to  63°  F.  Incandescent  lamps  give  off  from  5  to  10  per  cent, 
of  the  amount  of  heat  emitted  by  ordinary  bat-wing  gas 
burners  of  corresponding  candlepower. 

44,  Illumination     by    Incandescent    Ijamps.  —  In 

wiring  for  incandescent  lamps,  it  is  necessary  to  locate  the 
lights  so  that  the  best  illumination  will  be  obtained.  In 
factory'  lighting,  the  lamps  are  so  placed  that  they  will 
be  as  near  as  possible  to  the  workmen,  whether  at  the 
machine  or  vise. 

For  the  interior  of  stores,  general  illumination  is  required. 
Show  windows  should  be  lighted  by  reflected  light  only, 
because  exposed  light  striking  the  eye  will  cause  the  effect 
of  the  general  arrangement  to  be  lost  to  the  observer.     In 
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picture  galleries,  this  same  idea  should  be  carried  out.  House 
lighting  is  more. for  effect  than  general  illumination. 

In  theater  lighting,  where  the  scenic  effects  depend  entirely 
on  a  careful  adjustment  of  light  intensities,  experience  is  the 
only  guide. 

Among  other  points  to  be  observed  in  placing  lights  is 
the  color  of  the  surrounding  walls.  Dull  walls  will  reflect 
only  about  20  per  cent,  of  the  light  thrown  on  them,  while 
a  clean,  white  surface  will  reflect  80  per  cent.  The  height 
of  the  room  also  reduces  the  effectiveness  of  a  given  light 
intensity. 

The  unit  used  for  expressing  the  degree  of  illumination 
produced  by  any  source  of  light  is  the  foot-candle,  or  the 
degree  of  illumination  produced  by  1  standard  candle  at  a 
distance  of  1  foot  from  the  object  to  be  illuminated.  An 
illumination  of  1  foot-candle  is  a  good  light  to  read  by  and 
the  illuminations  met  with  in  practice  usually  vary  from 
i  to  2  or  3  foot-candles.  Since  the  illumination  decreases 
as  the  square  of  the  distance,  a  16-candlepower  lamp  at  a 
distance  of  1  foot  from  an  object  would  produce  an  illumina- 
tion of  16  foot-candles,  at  a  distance  of  2  feet  the  illumi- 
nation would  be  4  foot-candles,  and  at  a  distance  of  4  feet, 
it  would  be  1  foot-candle;  or,  ii  B  =  candlepower  of  source 
and  Z7  =  distance  in  feet  from  object,  then 

illumination  (foot-candles)  =  —  (6) 

The  illuminating  value  of  different  lights  is  about  as 
follows: 

TABIiE  II 


Light 


Foot-Candles 


Ordinary  moonlight  . 
Street  lighted  by  gas 
Stage  of  theater  .  . 
Diffused  daylight 


.025 

.030 

2.9  to  3.8 

lo.o  to  40.0 
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A  clear  idea  of  these  various  intensities  is  easily  gained 
by  comparison,  remembering  that  1  foot-candle  furnishes  a 
good  light  to  read  by.  On  account  of  the  great  influence  of 
the  color  of  walls,  height  of  ceilings,  etc.,  it  is  impossible  to 
give  other  than  very  approximate  figures  for  the  amount  of 
light  required  for  illuminating  a  given  room.  For  rooms 
requiring  ordinary  illumination  and  having  ceilings  about 
10  feet  high,  about  .25  to  .29  candlepower  per  square  foot 
should  be  sufficient.  For  rooms  with  high  ceilings  .45  to  .5 
candlepower  per  square  foot  should  be  allowed,  and  for  very 
brilliant  lighting  in  ball  rooms  or  similar  places,  the  allow- 
ance may  be  as  high  as  1  candlepower  per  square  foot.  Of 
course,  these  figures  are  for  cases  where  the  whole  room  is 
to  be  generally  illuminated;  when  the  light  is  used  locally, 
as  at  desks  or  reading  tables,  it  may  not  be  necessary  to 
have  the  room  generally  illuminated,  and  the  allowance  per 
square  foot  might  be  much  less  than  that  indicated  by  the 
above  figures. 

EXAMPI^ES    FOR    PRACTICE 

1.  Allowing  for  loss  in  the  lines,  about  how  many  16-candlepower 
lamps  can  a  300  kilowatt  dynamo  operate?  Ans.  5,000  lamps 

2.  What  will  be  the  illumination,  in  foot-candles,  produced  by  a 
32-candlepower  lamp  placed  9  feet  from  the  object  illuminated? 

Ans.  .395  foot-candle 

3.  How  much  current,  approximately,  would  be  required  for  the 
operation  of  300  220- volt  lamps?  Ans.  90  amperes 

4.  In  testing  a  lamp  on  a  photometer  bar  having  1,000  divisions,  a 
balance  was  obtained  with  the  screen  300  divisions  from  the  standard. 
If  the  standard  were  16  candlepower,  what  was  the  candlepower  of  the 
lamp  under  test?  Ans.  87.1  candlepower 


RECENT  TYPES  OP  INCANDESCENT  liAMP 

45.  Within  the  last  few  years  much  experimenting  has 
been  done  in  order  to  produce  an  incandescent  lamp  more 
efficient  than  the  ordinary  lamp  employing  a  carbon  filament. 
The  investigation  has  been  mainly  along  two  lines;  namely, 
to  produce  a  successful  lamp  employing  material  other  than 
carbon  for  the  light-giving  filament,  and  to  produce  a  lamp 
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in  which  a  gas  or  vapor  is  brought  to  a  high  state  of  incan- 
descence. The  Nemst  lamp  represents  a  successful  type  in 
which  the  glower  or  light-giving  portion  is  not  of  carbon. 
So  far,  lighting  by  vacuum  tubes  or  by  means  of  incandes- 
cent gas  has  not  been  used  to  any  great  extent,  though  much 
experimenting  has  been  done,  and  it  is  possible  that  some 
such  system  may  ultimately  prove  practicable. 

46.     Efficiency     of     liig^lit- Giving     Sources. — Any 

source  of  light  may  be  considered  as  giving  out  two  kinds  of 
radiation — luminous  radiations  and  obscure  radiations.  The 
energy  that  is  expended  in  the  luminous  source  sets  up 
vibrations  in  the  ether,  and  those  vibrations  that  have  a 
wave  length  lying  between  .000360  millimeter  and  .000810 
millimeter  are  capable  of  affecting  the  eye  and  producing  the 
sensation  known  as  light.  All  vibrations  lying  above  or 
below  these  limits  are  usless  as  far  as  producing  light  is  con- 
cerned. For  example,  all  heat  radiations  (of  long  wave 
length)  represent  so  much  waste  energy.  If  we  call  A  the 
total  radiation  from  a  light-giving  source,  B  the  amount  of 
luminous  radiation,  and  C  the  non-luminous  or  obscure  radi- 

ation,  then,  A  =  B  ->r  C,  and  the  ratio  —  is  the  optical  effi- 

ciency  of  the  light-giving  source,  because  it  is  the  ratio  of 
the  radiation  that  is  useful  in  producing  light,  to  the  total 
radiation.  The  efficiency  of  ordinary  light-giving  sources 
as  measured  by  this  standard  is  very  low.  For  example, 
the  optical  efficiency  of  an  oil  lamp  is  not  more  than  3  per 
cent.;  that  of  an  ordinary  gas  burner  about  4  per  cent.;  and 
that  of  an  incandescent  lamp  5  to  6  per  cent.,  depending  on 
the  temperature  at  which  the  filament  is  worked.  The  arc 
lamp  has  a  considerably  higher  efficiency;  it  may  run  as  high 
as  18  per  cent,  or  more  when  measured  in  the  direction  in 
which  the  lamp  throws  its  maximum  illumination,  but  the 
average  efficiency  is  not  more  than  10  per  cent. 

There  is  room  for  a  great  deal  of  improvement  in  the 
efficiency  of  our  light-giving  sources,  and  efforts  to  effect 
such   improvement  have   been   along  the   lines   mentioned 
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above.  Contradictory  as  the  statement  may  seem,  it  is 
nevertheless  true  that  some  of  the  most  efficient  lamps  are 
those  in  which  the  highest  temperatures  are  attained.  In 
order  to  get  an  efficient  lamp,  the  greatest  possible  amount 
of  light  must  be  produced  with  the  smallest  possible  accom- 
paniment of  heat.  In  lamps  operated  at  a  high  temperature, 
the  proportion  of  light  to  heat,  and  hence  the  efficiency,  is 
greater  than  in  lamps  where  the  temperature  is  lower,  and 
the  effort  has  therefore  been  to  produce  incandescent  lamps 
in  which  the  glowing  material  could  be  maintained  at  a 
higher  temperature  than  is  possible  with  a  carbon-filament 
lamp.  The  temperature  of  the  carbon  points  of  an  arc  lamp 
is  over  twice  that  of  the  filament  of  an  ordinary  incandescent 
lamp,  and  the  arc  lamp  is  over  twice  as  efficient.  An  incan- 
descent lamp  worked  at  high  voltage  gives  more  candlepower 
per  watt  than  when  worked  at  normal  voltage,  but  the  fila- 
ment soon  bums  out  because  it  is  unable  to  stand  the  high 
temperature.  Some  of  the  lamps  that  have  been  brought 
out  and  in  which  a  higher  temperature  is  attained  than  in  the 
carbon-filament  lamp  will  be  considered  briefly. 


THE    NERN8T    LAMP 

47.  Operation. — The  Nernst  lamp  has  now  been  in 
commercial  use  for  some  time,  and  has  shown  that  it  can  be 
depended  on  as  a  reliable  and  efficient  source  of  light.  The 
light-giving  portion  or  glower  in  this  lamp  consists  of  a 
small  stick  or  rod  made  of  the  rare  oxides,  such  as  oxides 
of  thorium,  zirconium,  yttrium,  etc.  This  glower  is  a  non- 
conductor when  cold,  but  when  heated  to  a  temperature  of 
about  700°  C,  it  conducts  current  and  is  soon  brought  up 
to  a  very  high  temperature  by  the  passage  of  the  current. 
In  order  to  start  the  lamp,  therefore,  some  means  must  be 
provided  for  heating  the  glower  up  to  the  conducting  tem- 
perature. This  heating  is  necessary  only  during  the  inter- 
val of  starting,  and  after  the  current  has  been  started  the 
heating  device  is  cut  out  of  service. 

In  order  to  make  the  operation  of  the  lamp  stable,  it  is 
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necessary  to  insert  a  resistance  in  series  with  the  glower. 
If  the  current  increases  by  a  slight  amount,  there  is  a  con- 
siderable reduction  in  the  glower  resistance,  and  this  in  turn 
would  allow  a  further  increase  in  current,  which  would  soon 
Jead  to  fusing  or  softening  of  the  glower  if  the  resistance  in 
series  were  not  used  to  prevent  it.  The  resistance  is  so 
constructed  that  any  slight  increase  in  current  causes  a  large 
increase  in  the  temperature  of  the  resistance  wire,  thus 
increasing  the  value  of  the  resistance.    The  result  is  that 

the  rise  in  current  due  to  the 
lowering  of  the  resistance  of  the 
glower  is  checked,  and  the  lamp 
rendered  stable  in  its  action. 
The  voltage  of  the  circuit 
should  not  vary  more  than 
5  per  cent,  from  normal  and  the 
glower  should  be  selected  with 
reference  to  the  actual  voltage 
on  which  it  is  used.  Nemst 
lamps,  or  in  fact  any  other  incan- 
descent lamp,  will  not  give  good 
service  on  systems  where  the 
voltage  regulation  is  poor. 

48.    Description. — The 

Nemst  lamp,  as  at  present  con- 
structed, consists  of  the  following 
essential  parts:  (1)  the  glower; 
(2)  the  resistance,  or  ballast,  as 

Fig.  19  .       .  ,     .  .  \ 

It  is  termed  by  the  manufac- 
turers; (3)  the  heating  device  for  starting  the  lamp;  (4)  the 
cut-out  device  for  cutting  the  heating  coils  out  of  circuit 
after  the  lamp  has  been  started.  The  lamps,  as  con- 
structed by  the  Nernst  Lamp  Company,  are  made  in  a  large 
variety  of  sizes  and  styles.  Some  are  intended'  for  outdoor, 
and  others  for  indoor,  use,  but  the  difference  between  the 
outdoor  and  indoor  types  lies  principally  in  the  style  of 
casing  used  to  protect  the  parts.    They  are  also  made  for  a 
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wide  range  in  candlepower.    A  50-candlepower  glower  is 
used  as  a  unit,  and  lamps  of  larger  candlepower  are  made 
by  increasing  the  number  of  glowers   instead  of  using  a 
single  glower  of  larger  dimensions.     The  lamps  are  made 
with  one,  two,  three,  four,  or  six  glowers,   giving  candle- 
powers  of  approximately  50,  110,  175,  250,  and  400,  and  are 
operated  on  alternating- 
current  circuits  using 
100  to  120  volts  or  200 
to  240   volts.      A   110- 
volt   glower   takes,  ap- 
proximately, .8  ampere, 
while  a  220-volt  glower 
takes  .4  ampere.    Only 
the   smaller   lamps   are 
made  to  operate  on  100 
to    120  volts,  as   more 
satisfactory    service    is 
obtained  from  the  220- 
.  volt  lamps. 

Figs.  19  and  20  show 
the  general  construc- 
tion of  a  220-volt,  two- 
glower  lamp.  As  shown 
in  Fig.  19,  the  enclosing 
globe    surrounds    the 

glowers   and   protects  \ 

them  from  air-currents. 
The  glowers  are  made 
of  oxides,  so  that  it  is 

Fio.  20 

not  necessary  to  mount 

them  in  a  vacuum  like  the  filament  of  an  ordinary  incandes- 
cent lamp.  In  Fig.  20,  one  of  the  glowers  is  shown  at  a. 
The  heater  tubes  are  immediately  above  the  glowers,  and 
both  glowers  and  heaters  are  supported  in  a  porcelain 
holder  d,  which  can  be  readily  detached  from  the  main 
part  of  the  lamp  whenever  it  is  necessary  to  replace 
glowers  or  heaters.     The  auxiliary  parts  of  the  lamp  are 


Digitized  by 


Google 


40  INCANDESCENT  LIGHTING  §32 

protected  by  the  removable  casing:.    One  of  the  armatures  of 
the  cut-out  is  shown  at  B\  G  and  F  are  the  lamp  terminals. 

49.  Tlie  Glo-wers. — Fig.  21  shows  a  pair  of  glowers 
and  heater  tubes.  When  mounted  in  the  lamp  the  glowers 
a,  a  are  from  tV  to  "A  inch  below  the  heater  tubes  b,  b,  and 
about  -i^  inch  apart  from  center  to  center.  The  size  of  the 
glowers  and  heaters,  as  shown  in  Fig.  21,  is  about  the  same 
as  used  on  the  standard  220-volt  lamp.  The  glower  is  about 
.025  inch  in  diameter  and  li  inches  long.  It  is  provided 
with  platinum  terminal  wires  c,  c  attached  to  copper  wires 

that  terminate  in  small, 
tapered  aluminum  plugs 
that  allow  connections 
to  be  made  or  broken 


Pig.  21 


^  ^^p±:?=       ^  ±,^»  ^       easily.      The    platinum 

terminals  are  attached 
to  small  beads  of  plat- 
inum embedded  in  each 
end  of  the  glower.  By  making  the  connection  in  this  man- 
ner, any  shrinkage  of  the  glower  causes  the  connection 
to  become  tighter  and  therefore  does  not  impair  the  con- 
tact. The  life  of  a  glower  will  average  from  600  to  800 
hours,  provided  the  voltage  regulation  is  such  that  the 
increase  in  voltage  above  normal  does  not  exceed  5  per  cent. 
In  placing  glowers  in  the  holders,  care  must  be  taken  to 
allow  a  small  amount  of  end  play;  otherwise,  the  expansion 
and  contraction  may  result  in  breakage. 

50.  Heater  Tubes  and  Holder. — Fig.  22  shows  the 
glower  and  heater  tubes  mounted  in  their  porcelain  holder. 
The  holder,  together  with  the  base  on  which  it  is  mounted, 
can  be  pulled  away  from  the  main  part  of  the  lamp.  The 
heater  coil  consists  of  a  porcelain  tube  with  fine  platinum 
wire  wound  on  its  surface  and  covered  with  a  protecting 
paste  that  serves  to  shield  the  wire  from  the  intense  heat  of 
the  glower  and  also  furnish  a  white  surface  that  will  reflect 
the  light  downwards.  The  heater  tubes  b.  Fig.  22,  are  held 
in  the  porcelain  holder  d,  which  is  attached  to  the  porcelain 
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base  cP  that  holds  brass  pieces  /  to  which  the  glowers  are 
connected  by  means  of  the  aluminum  plugs.     The  terminals 
of  the  heater  tubes  connect  to  the  prongs  A,  h!  by  way  of 
the  brass  piece  g^  which  also  serves  as  a  support  for  the 
holder    d^    being    attached    thereto    by   the   cotter    pin    o. 
Prongs  /,  m^  and  n  form  the  terminals  of  the  glowers,  and 
when  the  holder  is  pushed  up  into  place  the  prongs  make 
connection  with  contacts  in  the  upper  part  of  the  lamp.    The 
parts  of  the  holder  d  that  face  the  glowers  are  painted  with 
a  white  paste.     After  the 
lamp  has  been   in   oper- 
ation for  some  time,  black 
oxide    of   platinum    from 
the  glower  terminals  de- 
posits on  the  holder,  thus 
blackening    the    surface 
and  interfering  with   the 
reflection    of    the    light. 
By  cleaning   up   the   old 
paste    occasionally    and 
giving  the  holder  a  new 
coat,    a    good    reflecting 
surface    is   maintained. 
The   heater   coils    last 
about    200   hours    when 
used  continuously,  but  as 
they  are  used  only  for  20  «.    «« 

to  30  seconds  each  time 

the  lamp  is  started,  the  life  of.  a  heater  corresponds  to  a 
very  large  number  of  lamp  hours. 

51.  The  steadying  resistance,  or  ballast,  is  made  of 
pure  iron  wire  mounted  in  an  inert  gas  such  as  nitrogen. 
In  Fig.  20,  the  ballasts  for  each  glower  are  shown  at  A^  A^ 
the  fine  iron  wire  being  mounted  in  sealed  glass  tubes.  The  ' 
temperature  of  a  wire  so  mounted  responds  quickly  to 
changes  in  current,  and  iron  wire  increases  in  resistance 
very  rapidly  with  increase  in  temperature.     An  increase  of 
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10  per  cent,  in  the  current  passing  through  one  of  these 
ballasts  will  cause  as  much  as  160  per  cent,  increase  in 
resistance.  A  small  amount  of  resistance  is  therefore  suf- 
ficient to  insure  stable  operation,  and  the  efficiency  of  the 
lamp  as  a  whole  is  higher  than  if  an  ordinary  resistance  were 
used.     By  mounting  the  wire  as  described,  all  danger  from 
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oxidation  is  removed,    and   the  ballasts  will  last   a  long 
time,  provided  the  voltage  regulation  is  good. 

52.  The  cut-out  consists  of  an  electromagnet  connected 
in  series  with  the  glowers  and  arranged  so  that  when  current 
passes  through  them  it  will  attract  two  armatures  (one  of 
which  is  shown  at  B,  Fig.  20)  and  open  the  circuit  through 
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the  heater  coils.  Each  armature  is  suspended  from  its  upper 
end,  and  when  the  coil  is  energized,  the  armatures  swing  in 
and  open  the  circuit  through  the  heater  coils.  There  are  two 
armatures  and  sets  of  contacts  in  this  lamp,  so  that  the 
heater  circuit  is  opened  in  two  places.  The  armatures  are 
suspended  loosely  from  a  single  point  of  support  to  avoid 
humming  caused  by  the  alternating  current  in  the  coil.  So 
far,  Nemst  lamps  have  been  used  mostly  on  alternating 
current,  because  direct  current  appears  to  decompose  the 
glower  and  make  it  short  lived.  However,  considerable 
advance  has  been  made  in  the  production  of  glowers  for 
direct  current,  and  doubtless  such  lamps  will  soon  be  avail- 
able. The  wire  of  the  cut-out  coil  is  bedded  in  cement 
because  it  must  stand  a  temperature  of  about  110°  C.  It  must 
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be  remembered  that  the  glower  is  worked  at  a  high  tempera- 
ture, so  that  the  working  parts  of  the  lamp  are  necessarily 
subjected  to  considerable  heat. 

53.  Connections. — Fig.  23  shows  the  connections  of  a 
two-glower  lamp,  and  Fig.  24  shows  the  same  connections  in 
a  simplified  form  in  order  to  bring  out  the  heater  and  glower 
circuits  more  distinctly.  The  glowers  a,  a  are  connected  in 
parallel,  and  in  series  with  each  is  a  ballast  A,  B  is  the  cut- 
out coil,  which  operates  the  armatures  C,  C  and  draws  the 
contacts  away  from  the  contact  pins  Z>,  Z>,  thus  opening 
the  heater  circuit  in  two  places.  When  the  lamp  is  not  in 
use,  coil  B  is  not  energized  and  C  and  D  are  in  contact. 
When,  therefore,  current  is  turned  on,  it  takes  the  path 
through  the  heaters  ^,  b.  and  the  glowers  a,  a  are  heated 
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until  they  are  able  to  conduct  current;  this  usually  takes 
from  20  to  30  seconds.  As  soon  as  current  passes  through 
the  glowers,  coil  B  is  energized  and  the  circuit  through  the 
heaters  is  broken  at  Z>,  Z>.  Nemst  lamps  are  installed  in 
practically  the  same  manner  as  incandescent  lamps;  that  is, 
they  are  operated  in  parallel  on  constant-potential  circuits. 
Ballasts  and  glowers  must  be  selected  with  reference  to  the 
actual  average  voltage  of  the  circuit;  failure  to  do  this  will 
result  in  numerous  burn-outs.  The  lamps  must  be  hung  in 
a  vertical  position;  otherwise,  the  cut-out  will  fail  to  operate. 
The  smaller  sizes  of  lamp  are  made  to  screw  into  a  socket  like 
an  ordinary  incandescent  lamp,  but  the  larger  sizes  are  con- 
structed as  shown  in  Figs.  19  and  20,  and  are  suspended  and 
connected  up  in  much  the  same  way  as  arc  lamps.  A  recent 
lamp,  designed  to  compete  with  the  ordinary  16-candlepower 
incandescent  lamp,  gives  25  candlepower.  It  consists  of 
the  same  essential  parts  as  the  lamps  just  described,  but  the 
arrangement  of  glower  and  heating  coil  is  different.  The 
latter  is  made  in  the  shape  of  a  comparatively  large  open 
spiral  and  surrounds  the  glower,  which  is  placed  inside  the 
spiral.  The  glower  and  heating  coil  are  mounted  together 
as  a  unit,  and  when  a  glower  burns  out,  both  are  renewed. 
This  type  of  holder  was  designed  to  simplify  the  mainte- 
nance of  the  lamp  and  is  intended  more  especially  for  use  in 
isolated  localities. 

54.  Efficiency. — The  chief  advantages  of  the  Nemst 
lamp  are  its  high  efficiency,  the  natural  color  of  the  light,  use- 
ful downward  distribution,  steadiness,  and  high  power  factor. 
The  lamp  takes  approximately  half  the  power  expenditure 
per  candlepower  required  by  the  ordinary  incandescent  lamp. 
The  power  required  in  the  Nemst  lamp  is  from  1.75  to 
2  watts  per  mean  hemispherical  candlepower.  The  high  effi- 
ciency of  the  Nernst  lamp  is  due  to  the  fact  that  the  glower 
is  worked  at  a  high  temperature,  and  also  to  the  fact  that  the 
substances  of  which  the  glower  is  composed  possess  the  prop- 
erties of  selective  radiation  to  a  high  degree,  i.  e.,  they  emit 
a  large  number  of  radiations  that  are  capable  of  producing 
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the  sensation  of  light.  The  color  of  the  light  approximates 
closely  to  that  of  daylight,  and  hence  is  desirable  for 
store  or  art-gallery  illumination,  where  the  correct  determi- 
nation of  color  is  of  importance.  As  an  offset  to  these 
advantages,  the  Nemst  lamp,  in  comparison  with  the  incan- 
descent, is  somewhat  complicated,  and  high  in  first  cost, 
though  it  must  be  remembered  that  the  parts  to  be  renewed 
can  be  replaced  at  slight  cost  after  the  lamp  is  once  pur- 
chased, because  allowance  is  made  for  the  scrap  platinum  in 
the  burned-out  parts.  The  slowness  of  starting  is  also  a 
disadvantage  for  some  kinds  of  illumination,  particularly 
in  theaters,  or  in  any  other  place  where  it  is  desired 
to  switch  lamps  on  and  off  frequently. 


CRAWPORD-VOEI.KER    LAMP 

55.  The  Cra^wtord-Voelker  lamp  is  another  type  in 
which  the  light-giving  filament  is  not  composed  of  carbon. 
This  lamp,  in  its  general  construction,  is  similar  to  the 
ordinary  incandescent  lamp.  The  filament  is  mounted  in  an 
exhausted  globe  and  no  special  provision  need  be  made  for 
starting,  because  the  filament  is  a  conductor  when  cold. 
The  filament  is  made  of  carbide  of  titanium,  formed  by 
combining  carbon  and  oxide  of  titanium  in  the  electric 
fmnace.  This  substance  makes  a  tough,  durable  filament 
that  will  stand  a  much  higher  temperature  than  the  ordinary 
carbon  filament.  So  far,  the  lamp  has  not  been  used  com- 
mercially to  any  extent,  but  tests  on  it  appear  to  indicate 
that  it  has  a  considerably  better  efficiency  than  the  ordinary 
lamp.  Tests  have  shown  an  efficiency  of  2.53  watts  per 
candlepower  at  the  start,  2.84  watts  at  the  end  of  500  hours, 
and  8.35  watts  at  the  end  of  1,000  hours.  Still  later  tests 
have  shown  power  consumptions  ranging  from  1.68  to 
2.16  watts  per  candlepower.  It  is  also  claimed  that  this 
filament  does  not  produce  blackening  of  the  bulb  found  in 
lamps  using  a  carbon  filament. 
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OeMIUM    LAMP 

56.  Another  type  of  incandescent  lamp  that  shows  a 
higher  efficiency  than  the  carbon-filament  lamp  is  that  in 
which  the  filament  is  made  of  the  rare  metal  osmium. 
This  lamp  has  not  yet  been  used  commercially,  but  tests 
made  on  it  show  that  it  takes  but  little  over  half  the  power 
for  the  same  amount  of  light  as  the  carbon-filament  lamp. 
Osmium  lamps  maintain  their  candlepower  well  and  have  a 
longer  life  than  the  carbon-filament  lamp.  The  high  price 
of  osmium  prevents  the  commercial  use  of  the  lamp,  and 
another  drawback  is  that,  owing  to  the  comparatively  low 
resistance  of  the  metal,  it  is  difficult  to  make  lamps  for 
operation  on  the  usual  pressures  of  110  or  220  volts. 
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(PART  2) 


SYSTEMS    OP    DISTRIBUTION 

1.  In  considering  the  different  systems  commonly  used 
for  supplying  electrical  energy  to  the  lamps,  the  local  dis- 
tribution by  means  of  the  wiring  in  buildings  will  not  be 
described,  as  that  part  of  the  subject  belongs  properiy  to 
interior  wiring.  Current  for  electric  lighting  is  distributed 
from  the  station  to  the  point  of  utilization  in  the  same 
manner  as  for  power  transmission;  in  fact,  in  the  majority  of 
cases  the  electric  energy  transmitted  is  used  both  for  light- 
ing and  power  purposes.  The  following  brief  descriptions  of 
the  more  important  distributing  systems  are  intended  to 
point  out  how  the  methods  already  described  are  applied 
to  electric-lighting  work. 

In  most  cases,  the  current  required  for  the  operation  of 
incandescent  lamps  is  distributed  at  a  constant  potential;  i.  e., 
the  aim  is  to  keep  the  pressure  at  the  station  such  that  the 
pressure  at  the  lamps  will  remain  constant,  no  matter  what 
the  load  may  be.  If  the  pressure  at  the  lamps  is  not  main- 
tained uniform  within  narrow  limits,  the  service  will  be  poor, 
the  life  of  the  lamps  short,  and  the  complaints  from  cus- 
tomers numerous.  Where  the  lamps  are  run  on  a  constant- 
potential  system,  the  current  transmitted  over  the  lines 
increases  with  the  load,  because  every  light  turned  on  means 
just  so  much  more  current  to  be  supplied.  The  consequence 
is  that  the  drop  in  the  line  increases  with  the  load,  and  in 
order  that  the  pressure  at  the  lamps  shall  be  maintained 
constant  instead  of  falling  off  on  account  of  this  drop,  the 
pressure  at  the  dynamo  or  station  must  be  raised  slightly. 

For  notice  of  copyrieht.  see  page  immediately  following  the  title  page 
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In  any  event,  no  matter  what  means  may  be  adopted  for 
distributing  the  current,  the  aim  should  be  to  provide  the 
lamps  with  a  uniform  pressure  and  to  see  that  this  pressure 
is  kept  uniform,  no  matter  how  the  number  of  lamps  operated 
may  vary.  The  distribution  should  also  be  designed  to  accom- 
plish this  object  with  the  least  possible  expense;  i,  e.,  the  dis- 
tributing lines  should  be  laid  out  so  as  to  secure  the  desired 
results  with  the  smallest  possible  amount  of  copper  and 
loss  of  energy. 


^ 


METHODS  OP  CONNECTING  liAMPS 

2*    Ijamps  in  Parallel. — In  the  great  majority  of  cases 
incandescent  lamps  are  connected  in  paral- 
<^[      lei,  as  shown  in  Fig.  1.    In  this  case,  the  pres- 
^*    I       sure  between  the  two  lines  must  be  kept  at  a 
'  constant  value,  otherwise  the  current  flowing 

through  the  lamps  will  vary.  Since  the  resist- 
ance of  a  lamp  cannot  change,  unless  the 
temperature  of  the  filament  changes,  the  cur- 
rent that  will  flow  through  any  lamp  depends 
on  but  two  things — the  pressure  between  the 
lines  and  the  resistance  of  the  lamp.  The 
current  in  each  lamp  is  equal  to  the  pressure 
between  the  mains  divided  by  the  resistance 
of  the  lamp.  So  long  as  the  pressure  is  kept 
constant,  the  turning  off  or  on  of  any  lamp 
does  not  affect  the  others,  but  the  current  in 
the  mains  will  increase  when  lamps  are  turned 
on  and  decrease  when  they  are  turned  off. 
Incandescent  lamps  are  connected  in  this  way, 
because  the  arrangement  is  extremely  simple; 
each  lamp  is  independent  of  the  others,  and 
the  pressure  between  the  lines  is  low. 

3.    I^amps  in  Series. — Lamps  are  occa- 
sionally connected  in  series,  as  shown  in 
Fig.  2.    This  arrangement  is  used  principally 
for  s&eet  lighting;    it  is   seldom  used  for  interior  work. 
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In  this  case,  the  same  current  flows  through  all  the  lamps; 
hence,  their  filaments  must  be  of  the  same  cturent-carrying 
capacity.  If  it  is  desired  to  have  some  lamps  of  higher 
candlepower  than  others,  their  filaments  must  be  made 
longer.  The  pressure  across  the  terminals  of  any  lamp 
can  be  found  by  multiplying  the  resistance  of  the  lamp 
by  the  current  flowing.  Also,  since  the  lamps  are  con- 
nected in  series,  the  total  pressure  required  to  force  the 
current  through  the  circuit  will  be  the  sum  of  the  pressures 
required  for  the  separate  lamps.  For  example,  suppose  that 
there  are  ten  lamps,  each  requiring  a  pressure  of  20  volts 
and  a  current  of  Si  amperes;  also,  five  lamps,  each  requir- 
ing a  current  of  Si  amperes  and  a  pressure  of  40  volts.  The 
total  pressure  required  for  the  circuit,  neglecting  the  loss  in 
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the  line,  will  be  20  X  10  +  5  X  40  =  400  volts.  In  this  sys- 
tem, the  line  current  is  small;  hence,  it  is  well  adapted 
for  street  incandescent  lighting,  where  the  area  to  be 
covered  is  large.  It  should  be  noted  that  the  current  must 
be  maintained  at  the  value  for  which  the  lamps  are  designed. 
This  means  that  the  pressure  between  the  ends  of  the  line 
must  be  raised  as  more  lamps  are  added  to  the  circuit, 
because  the  resistance  is  increased.  Also,  the  pressure 
must  be  lowered  when  lamps  are  cut  out,  otherwise  the  cur- 
rent will  increase  and  bum  out  the  remaining  lamps.  In  the 
series  system,  the  current  is  constant  and  the  pressure  varies; 
in  the  parallel  system,  the  pressure  is  constant  and  the  cur- 
rent varies  as  the  number  of  lamps  in  use  is  increased  or 
decreased.  Another  point  to  be  noted  is  that  means  must  be 
provided  for  maintaining  the  circuit  around  the  lamps,  in 


Digitized  by 


Google 


INCANDESCENT  LIGHTING 


§38 


case  they  should  burn  out;  otherwise,  the  breaking  of  one 
lamp  will  put  out  all  the  lights  on  the  circuit.  The  method 
by  which  this  is  accomplished  will  be  described  when  this 
system  is  taken  up  in  detail.  It  will  also  be  noted  that  if 
the  number  of  lamps  operated  is  large,  the  pressure  applied 
to  the  circuit  must  be  correspondingly  high;  this  introduces 
an  element  of  danger  and  is  one  reason  why  series  lighting 
is  not  used  for  interior  work.    Lamps  in  series  may  be  cut  out 


Pio.  8 


Pio.  4 


of  circuit  by  short-circuiting  them,  as  indicated  by  switch  5, 
Fig.  2;  whereas,  in  the  parallel  system  they  must  be  cut  out 
by  opening  the  circuit  through  the  lamp  by  means  of  a 
switch  in  series  with  it.  This  switch  may  be  a  separate 
device  «,  Fig.  1,  or  it  may  be  in  the  lamp  socket  and  worked 
by  a  key  b. 

4.     Lamps  in  Multiple  Series. — This  method,  some- 
times called  parallel  series,  is  a  combination  of  the  two 
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preceding  and  is  used  in  a  number  of  special  cases.  Perhaps 
its  widest  use  is  in  connection  with  the  lighting  of  electric 
street  cars,  but  it  is  also  used  in  mine  lighting  work,  where 
lights  are  operated  from  the  haulage  system. 

Suppose,  for  example,  that  lamps  are  to  be  operated  on 
mains  between  which  a  constant  pressure  of  500  volts  is  main- 
tained, as  on  a  street  railway.  Lamps  cannot  be  obtained 
for  500  volts  and  a  single  100-volt  lamp  will  be  burned  out 
instantly  if  it  is  connected  across  the 
mains,  but  five  100-volt  lamps  may  be 
connected  in  series,  as  in  Fig.  3.  With 
this  arrangement,  the  current  through 
the  series  of  five  lamps  will  be  about 
i  ampere  and  the  pressure  across  each 
lamp  100  volts.  Any  number  of  such 
series  of  five  lamps  may  be  connected  lu  ^^ 
across  the  mains.  If  one  light  goes  out,  ir"^^^ni\/^ 
it  puts  out  the  other  four  in  the  same 
circuit  with  it,  but,  if  any  lamp  is  cut  out, 
by  short-circuiting  it,  the  voltage  on  the 
other  four  lamps  becomes  higher  than  they 
can  stand,  because  the  pressure  between 
the  mains  is  constant,  and  cutting  out  the 
drop  through  one  lamp  simply  throws  that 
much  more  pressiwe  on  the  others. 

Fig.  4  shows  a  multiple-series  arrange- 
ment with  two  lamps  in  series — a  scheme 
of  connection  that  is  sometimes  used  for 
operating  lamps  on  220-volt  power  circuits,  for  example,  in 
mine-haulage  plants.  By  adding  the  middle,  or  neutral,  wire 
to  Fig.  4,  the  three-wire  system.  Fig.  5,  so  extensively 
used  for  distribution  in  large  cities,  is  obtained.  The  mul- 
tiple-series system,  as  in  Fig.  4,  is  not  used  for  general 
interior  lighting  work.  It  is  used,  however,  for  decorative 
lighting  where  a  number  of  lamps  of  low  candlepower  are 
connected  in  series  across  the  low-potential  mains. 
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DIRECT-CURRENT,     CONSTANT-POTBNTIAIi 

SYSTEM 

6,  Simple  Two-Wire  System. — This  method  of  dis- 
tribution is  very  largely  used  for  small,  isolated  plants,  or 
.  any  installation  where  the  power  is  transmitted  a  short 
distance  only.  The  lamps  are  usually  operated  at  110  or 
220  volts  and  the  current  is  supplied  by  compound-wound 
dynamos.  Fig.  6  shows  a  single  dynamo  C  operating  lamps 
on  the  simple  two- wire  system.  Two  main  wires  A,  A 
run  from  the  dynamo  (the  various  switches  and  measuring 
instruments  being  here  omitted  for  the  sake  of  clearness) 
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and  the  lamps  are  either  connected  directly  across  this  pair 
of  mains  or  are  connected  across  branch  mains,  as  shown  at 
By  B  and  C,  C  This  arrangement  answers  very  well  for 
small  plants,  where  only  a  small  number  of  lamps  are  oper- 
ated and  where  they  are  not  scattered  very  widely. 

6,  Feeders  and  Mains. — If  the  lamps  are  scattered  over 
a  considerable  area,  it  is  best  to  run  out  feeders  A^  By 
Fig.  7,  to  what  are  known  as  centers  of  distribution,  as 
at  C  and  /?,  and  at  these  points  attach  mains  Ey  F  to  the 
feeders.  The  centers  of  distribution  should  be  selected  so 
as  to  lie  near  the  points  where  the  bulk  of  the  light  is  used. 
No  lights  are  attached  to  the  feeders;  they  simply  convey 
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current  from  the  station  to  the  center  of  distribution,  which 
becomes,  as  it  were,  a  kind  of  substation.  By  this  method, 
a  considerable  drop  can  be  allowed  in  the  feeders  without 
causing  any  trouble  at  the  lights.  For  example,  suppose 
that  110-volt  lamps  are  to  be  operated  and  that  a  drop  of 
15  volts  is  allowable  between  the  dynamo  and  the  last  lamp 
on  the  line.  The  feeders  might  be  calculated  for,  say,  a  drop 
of  13  volts.  This  large  drop  will  allow  comparatively  small 
feeders  to  be  used  and  will  not  be  injurious  to  the  lamps* 
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because  the  pressure  at  the  point  C  will  be  maintained  at  112 
volts,  and  the  variation  in  pressure  along  the  lamp  mains 
will  be  but  2  volts. 

7.  The  arrangement  just  described  is  known  as  the 
feeder-and-maln  system;  its  advantages  may  be  summed 
up  briefly  as  follows: 

1.  It  allows  the  use  of  a  large  drop  in  the  feeders  carry- 
ing the  current  to  the  point  where  it  is  distributed,  thus 
permitting  the  use  of  comparatively  small  conductors  and 
thereby  cutting  down  the  expense. 

2.  It  allows  this  large  drop  without  introducing  large 
variations  in  the  voltage  obtained  at  the  lamps. 
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3.  It  allows  the  district  lighted  to  be  divided  into  sec- 
tions, each  supplied  by  its  own  feeder,  and  thus  admits  of 
each  section  being  controlled  independently  from  the  station. 

8,  Three- Wire  System. — The  simple  two-wire  system, 
even  if  operated  on  the  feeder-and-main  plan,. requires  alto- 
gether too  much  copper  to  admit  of  very  extended  use. 
For  moderate  distances,  the  three-wire  system,  Fig.  8, 
•is  used.  A  large  amount  of  lighting  is  carried  out  on  this 
plan  in  New  York,  Philadelphia,  and  other  large  cities.  It 
is  not  confined  to  direct  current  alone,  but  is  also  largely 
used  with  alternating  current. 
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The  two  dynamos  A  and  B  are  connected  in  series  and 
supply  current  through  the  feeders  i,  2,  5,  etc.  to  the  diflEer- 
ent  centers  of  distribution,  where  the  mains  a,  by  c  are 
attached.  This  arrangement  effects  a  considerable  saving 
in  copper  over  the  two-wire  system;  the  pressure  com- 
monly used  is  110  volts  on  each  side  of  the  circuit,  or 
220  volts  between  the  outside  wires.  In  some  recent  plants, 
220-volt  lamps  are  used,  thus  requiring  440  volts  between  the 
outside  wires. 

9.     Special  Three-Wire  Systems. — The  ordinary  three- 
wire  system  has  the  disadvantage  of  requiring  two  dynamos. 
If  the  load  were  absolutely  balanced,  one  220-volt  dynamo 
uld  be  sufficient,  but  in  most  cases  an  accurate  balance 
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cannot  be  obtained.  A  number  of  systems  have  been 
devised  whereby  a  large  220-volt  dynamo  can  be  operated 
6n  the  two  outside  wires  and  the  unequal  distribution  of 
the  load  taken  up  by  a  balancing  arrangement  of  small 
capacity  compared  with  that  of  the  dynamo. 

10.  Fig.  9  shows  a  system  where  the  unbalancing  in  the 
load  is  taken  .care  of  by  means  of  a  storage  battery,  which 
is  connected  as  shown.  The  middle  point  of  the  battery  is 
connected  to  the  line  and  the  220-volt  dynamo  is  connected 
to  the  outside  wires;  if  a  larger  current  is  needed  on  one 
side  of  the  battery  than  on  the  other,  the  extra  current  is 
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supplied  from  the  battery.  It  is  not,  however,  generally 
advisable  to  use  a  battery  for  maintaining  the  balance  con- 
tinuously, because  the  cells  become  unevenly  discharged. 
When  batteries  are  used  on  three-wire  systems,  they  are 
usually  connected  across  the  outside  lines  and  a  switch  pro- 
vided to  connect  their  middle  point  with  the  neutral,  so  that 
they  can  be  used  for  balancing  in  case  of  necessity. 

11.  Fig.  10  shows  a  three-wire  system  fed  by  a  220-volt 
dynamo  A  in  conjunction  with  a  motor-dynamo  a  a'.  This 
motor-dynamo   is   sometimes   called  a  balancing:   set   or 


balancer.  The  armatures  a,  a'  are  mounted  on  the  same 
shaft  and  connected  in  series,  the  mid-point  n  being  connected 
to  the  neutral  wire.     The  fields  of  the  two  machines  are 
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connected  across  the  mains,  as  shown  at  //.    When  one  side 

of  the  system  is  more  heavily  loaded  than  the  other,  the 

machine  on  the  heavily  loaded  side  runs  as  a  dynamo  and 

helps  to  supply  current  to  that  side,  while  the  machine  on 

the  lightly  loaded  side  absorbs  power  and  runs  as  a  motor, 

thus  equalizing  the  load.     Take,  for  example,  the  special  case 

shown  in  Fig.  10,  where  there  are  twelve  lamps  on  one  side 

and  six  on  the  other,  or  eighteen  lamps,  in  all,  supplied  from 

the  220-volt  machine  A.     Allowing  55  watts  per  lamp,  this 

55  X  18 
gives  55  X  18  watts  and,  hence,  — ^^ —  =  4i  amperes.    The 

current  flowing  out  on  F  and  back  on  F'  must,  therefore, 
be  4i  amperes.  The  upper  side  requires  6  amperes  and  the 
lower  side  3,  because  there  are  twelve  lamps  in  parallel  in 
the  one  case  and  six  in  the  other.  There  are,  then,  3  amperes 
coming  back  through  the  neutral,  of  which  li  flow  through  a', 
running  it  as  a  motor  and  generating  li  amperes  in  a. 
This  is  added  to  the  4i  in  line  F,  thus  making  the  six  required 
for  the  upper  side.  If  the  lower  side  should  become  more 
heavily  loaded  than  the  upper,  the  current  in  the  neutral 
wire  would  be  in  the  opposite  direction  and  the  action  of 
a  and  a'  would  be  reversed;  that  is,  a  would  act  as  the  motor 
and  of  as  the  dynamo. 

The  motor-dynamo,  or  balancer,  is  not  necessarily  placed 
in  the  station;  it  may  be  placed  at  a  point  near  the  center  of 
distribution,  thus  requiring  only  two  feeders  F  and  /*^  to  be 
run  back  to  the  station.  In  this  illustration,  the  losses  in  the 
balancing  set  have  been  neglected.  As  a  matter  of  fact, 
machine  A  will  furnish  more  than  4i  amperes  in  order  to 
make  up  for  the  losses  in  «,  a'  and  supply  the  lamps  as  well. 

Fig.  11  shows  the  connections  for  a  balancing  set  more  in 
detail,  {a)  being  the  elementary  connections  and  {b)  the  com- 
plete diagram  indicating  the  various  instruments.  A  and  B 
are  the  armatures  of  the  balancer  and  C  the  armature  of 
the  main  generator;  d  and  e  are  field  rheostats  in  the  shunt 
fields,  and  /  the  field  rheostat  of  the  generator.  In  order 
to  start  the  set,  it  is  necessary  to  provide  a  starting  rheostat 
at  g,  so  that  one  of  the   machines  can  be   started  as  a 


Digitized  by 


Google 


)33 


INCANDESCENT  LIGHTING 


11 


|[ 


Sn 


r^t!. 


^■Aoe^* 


€  £ 


Digitized  by 


Google 


12  INCANDESCENT  LIGHTING  §33 

direct-current  motor.  Voltmeters  and  ammeters  should  be 
provided  as  shown,  the  former  indicating  the  voltages  of  the 
main  machine  and  the  pressure  on  the  two  sides  of  the  three- 
wire  circuit,  and  the  latter  indicating  the  current  output  of 
the  main  machine  and  the  current  in  the  neutral.  The  read- 
ing of  the  neutral  ammeter  shows  the  amount  of  current 
handled  by  the  balancer.  A  trip  coil  h  is  placed  in  the 
neutral  wire  leading  to  the  balancer,  so  that  if  the  current 
becomes  excessive,  a  circuit  is  closed  through  the  trip  coil 
of  the  circuit-breaker  k,  thus  cutting  off  the  main  generator. 
If  an  overload  on  the  balancer  were  taken  care  of  by  placing 
a  circuit-breaker  at  m  or  «,  damage  would  result,  for  if  a 
short  circuit  should  occur  on  either  side  of  the  system,  the 
circuit-breaker  on  that  side  would  at  once  fly  out,  and  since 
the  main  machine  would  still  be  connected,  an  excessive 
voltage  would  be  thrown  on  the  lamps.  In  most  large 
stations  operating  on  the  three-wire  system,  the  amount  of 
unbalancing  is  usually  small  compared  with  the  total  load 
carried,  so  that  the  capacity  of  the  balancing  arrangement  is, 
as  a  rule,  small  compared*  with  that  of  the  main  djmamo. 
Balancing  sets  are  now  generally  used  in  preference  to 
the  old  method  employing  two  main  dynamos  connected 
in  series. 

12,  Voltage  Regulation. — In  stations  where  a  large 
number  of  lamps  are  operated,  it  is  usually  necessary  to 
have  several  distinct  feeders  running  to  the  different  districts 
to  be  lighted  or  supplied  with  power.  Some  of  these  feeders 
may  be  long,  others  quite  short.  In  order,  therefore,  to 
keep  the  cross-section  of  the  long  feeders  within  a  reasonable 
size,  a  larger  drop  must  be  allowed  in  them  than  in  the 
short  feeders.  It  is  necessary,  then,  to  have  some  means  of 
supplying  the  long-distance  feeders  with  a  higher  pressure 
than  those  supplying  the  near-by  districts.  Of  course,  the 
voltage  on  the  short  feeders  might  be  cut  down  by  inserting 
resistance  in  series  with  them,  as  has  been  done  in  some 
cases,  but  this  method  is  wasteful  of  power  and  is  not  to  be 
recommended. 
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13.  An  excellent  method,  where  separate  dynamos  are 
available,  is  to  use  separate  machines  for  supplying  the  long- 
distance feeders,  and  run  them  at  a  higher  voltage  than  those 
supplying  the  short  feeders.  When  only  one  dynamo  or  set 
of  dynamos  is  at  hand  for  operating  the  whole  system,  the 
best  plan  is  to  run  the  machines  at  the  pressure  suitable  for 
the  short  feeders,  and  use  a  booster  to  raise  the  voltage  on 
the    other    feeders.      Fig.    12   indicates    the   arrangement 


/est/. 
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referred  to.  The  plan  shown  is  for  the  three- wire  system, 
though  the  same  scheme  may  be  used  on  a  two-wire  system 
and  is,  in  fact,  used  considerably  with  electric  railways. 
A  and  B  are  two  dynamos  operating  on  the  three-wire  system 
and  supplying  current  directly  to  the  short  feeders  1,2,3,  and 
:?',  2',  3\  Feeders  a,  b,  c  and  a',  b\  d  run  to  outlying  points 
and,  therefore,  must  be  supplied  with  a  higher  pressure  than 
the  other  feeders.     Suppose,  for  example,  that  each  dynamo 
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generates  125  volts  and  that  the  long-distance  feeders  require 
140  volts  between  the  outside  and  neutral  wires;  15  volts 
must,  therefore,  be  added  to  each  dynamo  voltage.  This  is 
accomplished  by  the  boosters  C,  /?,  which  are  connected 
as  shown. 

The  boosters  are  small  dynamos  driven  either  by  a 
steam  engine  or,  more  frequently,  by  an  electric  motor. 
The  fields  are  separately  excited  from  the  mains  and  the 
armatures  are  connected  in  series  with  each  of  the  outside 
wires.  The  armatures  must  be  capable  of  carrying  all  the 
current  used  on  the  long-distance  feeders  and  be  able  to 
generate  a  pressure  equal  to  that  by  which  the  voltage  is  to 
be  raised.  For  example,  in  this  case  the  booster  armatures 
would  generate  the  extra  15  volts  required  and  thus  give 
140  volts  on  the  feeders  a,  by  c  and  a',  V,  c'.  By  varying  the 
field  rheostat  of  the  boosters,  the  voltage  on  the  feeders 
may  be  adjusted. 

1 4,  Five- Wire  and  Seven- Wire  Systems. — The  three- 
wire  system  has  been  extended  so  as  to  make  use  of  higher 
potentials  by  employing  four  dynamos  in  series  and  three 
neutral  wires.  This  allows  the  use  of  440  to  500  volts 
between  the  outside  wires  and  permits  a  still  larger  area  to 
be  covered  than  by  the  three-wire  system.  Seven-^wire 
systems  with  six  dynamos  in  series  have  also  been  used, 
and  the  five-wire  system  has  been  successfully  applied  on 
the  continent  of  Europe.  Five-wire  and  seven-wire  systems 
have  met  with  little  favor  in  America,  the  practice  being  to 
use  alternating-current  methods  of  distribution  if  pressures 
higher  than  those  given  by  the  110-220-volt  or  220-440-volt 
three-wire  systems  are  required.  The  use  of  three-wire 
systems  with  220-volt  lamps  and  440  volts  across  the  outside 
wires  is  gradually  extending,  because  the  higher  pressure 
allows  larger  areas  to  be  supplied  and  eflEects  a  saving  in 
copper  over  the  110-220-volt  system. 
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DIRBCT.CURRBNT,     CONSTANT-CUBRENT    SYSTEM 
15.     The  direct-current,   constant-current  system 

is  very  seldom  used  for  incandescent-lighting  work.  It  was 
employed  to  some  extent  in  the  early  days  of  electric  light- 
ing when  a  few  incandescent  lights  were  operated  in  series 
with  direct-current  arc  lamps.  In  such  systems,  the  current 
used  was  a  direct  one,  furnished  usually  by  a  machine  of  the 
Thomson-Houston,  or  Brush,  type,  and  was  maintained  at  a 
constant  value  by  automatically  varying  the  E.  M.  F.  There 
were  many  objections  to  operating  incandescent  lamps  in  this 
way  and  the  system  was  never  used  to  any  great  extent. 


AliTBRNATING-CURRBNT,     CONSTANT-POTENTIAIi 

SYSTEM 

16.  Alternating  current  at  constant  potential  iSnds  wide 
application  for  incandescent  lighting,  because  this  method 
allows  lights  to  be  operated  over  large  areas  with  a  com- 
paratively small  loss  and  a  small  expenditure  for  copper. 
The  distribution  may  be  carried  out  by  means  of  the 
single-phase,  two-phase,  or  three-phase  system.  If  the  cur- 
rent were  intended  for  operating  lights  only,  the  single- 
phase  scheme  would  be  used,  as  it  is  simpler  than  either 
the  two-phase  or  three-phase  arrangements.  Most  modem 
lighting  plants,  however,  are  equipped  so  that  they  can 
operate  motors  as  well  as  lights,  and,  hence,  it  is  customary 
to  install  polyphase  systems  rather  than  single-phase. 

17,  SIngrle-Pliase  System. — ^When  alternating  current 
first  came  into  use  for  electric  lighting,  a  simple  alternator 
was  used  to  supply  current  at  a  constant  pressure.  This 
was  transmitted  over  the  line,  and  at  the  various  points 
where  it  was  utilized  transformers  were  installed  to  step- 
down  the  voltage  to  an  amoimt  suitable  for  the  lamps.  Each 
customer  usually  had  his  own  transformer.  If  the  system 
were  small,  only  a  single  pair  of  lines  or  feeders  was  run 
from  the  station;  in  case  the  area  lighted  was  large,  a  num- 
ber of  feeders  supplying  different  sections  was  used.    The 
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pressures  first  used  were  1,000  volts  on  the  primary  mains 
and  50  or  52  volts  on  the  secondary.  As  the  construction 
of  alternators,  transformers,  and  lamps  was  brought  to  a 
higher  stage  of  perfection,  the  pressures  were  increased  to 
2,000  volts  primary  and  100  to  110  volts  secondary.  The 
frequency  used  in  the  early  plants  was  usually  from  125  to 
133  cycles  per  second;  in  later  plants,  60  cycles  has  become 
common  practice. 

The  great  advantage  of  this  system  over  the  direct  cur- 
rent lies,  of  course,  in  the  use  of  the  high  pressure  for 
transmitting  the  current.     The  introduction  of  alternating 
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Digitized  by 


Google 


§33  INCANDESCENT  LIGHTING  17 

shown  at  K.  This  was  necessary  because  transformers  were 
not  then  made  in  large  sizes.  On  account  of  the  objections 
to  running  a  number  of  small  transformers  it  is  much  better 
to  make  use  of  a  system  of  secondary  mains  supplying  a 
number  of  customers  and  to  feed  these  secondary  mains  from 
a  few  large  transformers,  as  shown  in  Fig.  14.  In  this  case, 
the  primary  mains  A^  B^  running  from  the  station,  feed  the 
large  transformers  Z",  7".  The  distributing  secondary  mains 
are  usually  arranged  on  the  three-wire  system,  as  indicated 
at  C  thus  allowing  a  considerable  area  to  be  supplied  from 


Pio.  14 

one  pair  of  transformers.  The  current  may,  however,  be  dis- 
tributed by  secondary  two-wire  mains  if  the  lights  are  close 
at  hand.  Scattered  customers  must,  of  course,  be  supplied 
by  individual  transformers,  as  in  Fig.  13.  The  use  of  sec- 
ondary mains  greatly  reduces  the  number  of  transformers 
to  be  kept  in  repair  and  otherwise  looked  after;  it  also  effects 
a  considerable  saving  in  power,  owing  to  the  higher  effi- 
ciency of  the  large  transformers.  Where  branch  lines  E, 
Fig.  13,  are  taken  off  the  main  feeders,  main  line  cut-out 
boxes  /,  {'  should  be  installed  as  indicated.  The  secondary- 
main  arrangement  can  generally  be  used  to  advantage  for 
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furnishing  light  to  the  business  part  of  a  town,  while  in  the 
residence  part  it  is  frequently  necessary  to  use  individual 
transformers  on  account  of  the  customers  being  scattered. 
These  remarks  apply  also  to  lighting  systems  using  two- 
phase  or  three-phase  distribution. 

19,  Polypliase  Systems. — Polyphase  systems  of  distri- 
bution are  used  extensively  for  electric  lighting,  but,  so  far 
as  the  lighting  is  concerned,  they  have  little  if  any  advantage 
over  the  single-phase  system.  The  chief  reason  for  their 
use  is  to  permit  the  operation  of  alternating-current  motors 
from  the  same  system  as  the  lights.  The  three-phase  system 
also  has  the  advantage  of  reducing  the  amount  of  copper 
required  in  the  lines — an  advantage  of  considerable  impor- 
tance when  the  current  has  to  be  transmitted  for  a  long 
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distance.  The  regular  two-phase  and  three-phase  systems 
have  been  described,  but  a  few  special  methods  of  operating 
lights  from  polyphase  machines  may  be  mentioned  here. 
When  alternators  were  first  installed  in  lighting  stations, 
they  were  of  the  single-phase  type,  because  polyphase  motors 
had  not  at  that  time  ^ome  into  use  and  the  current  was 
employed  for  lighting  exclusively.  When  alternators  are 
now  installed,  it  is  usually  desirable  to  put  in  a  machine 
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that  can  operate  either  lights  or  motors,  and  the  operation 
of  polyphase  machines  on  single-phase  circuits  therefore 
becomes  a  consideration  of  importance. 

If  the  various  lighting  circuits  are  arranged  so  that  the 
load  on  the  different  phases  can  be  approximately  balanced, 
there  is  no  reason  why  a  two-phase  or  a  three-phase  alternator 
cannot  be  used  to  operate  them.  A  three-phase  alternator 
can  be  operated  as  a  single-phase  machine,  as  shown  in 
Fig.  15,  in  case  the  load  cannot  be  divided  between  the 
different  phases.  When  so  operated,  it  can,  if  necessary,  be 
run  in  parallel  with  other  single-phase  machines.  A  three- 
phase  alternator,  when  run  as  a  single-phase  machine,  as 
shown  in  Fig.  15,  will  carry  about  75  per  cent,  of  its 
rated  output.  For  example,  suppose  that  a  three-phase 
alternator  has  a  capacity  of  200  kilowatts  at  2,300  volts.     Its 

200  000 
current  output  will  be  /  =  *  =50.2  amperes. 

2,o00  >^  \JloZ 

If  the  same  alternator  were  operated  single-phase,  its  out- 
put would  be  about  .75  X  200  =  150  kilowatts  and  the  cur- 
rent output  would  be  ^088^  =  65.2  amperes;  that  is,  with 
approximately  the  same  increase  in  temperature  of  the  arma- 
ture, the  alternator  would  deliver  50.2  amperes  in  each  of 
three  lines  when  run  three-phase,  or  65.2  amperes  when  run 
single-phase.  For  a  given  output,  a  three-phase  alternator 
is  somewhat  smaller  than  a  single-phase  machine,  because 
the  armature  winding  space  is  utilized  to  better  advantage. 
Consequently,  a  three-phase  alternator,  capable  of  giving  a 
single-phase  output  of  a  given  number  of  kilowatts,  costs 
about  the  same  as  a  single-phase  machine  of  the  same  out- 
put. When  installing  new  machinery  in  a  lighting  station 
that  has  hitherto  been  operated  altogether  by  single-phase 
machines,  it  is  frequently  advisable  to  install  three-phase 
alternators,  even  if  they  are  operated  single-phase  for 
the  time  being,  because,  in  case  occasion  should  arise  for  the 
operation  of  motors,  the  three-phase  current  will  then  be 
available.  When  three-phase  alternators  are  intended  for 
single-phase  operation,  they  are  usually  provided  with  a 
Y-connected  winding. 
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20,     If  all  three  phases  of  the  alternator  are  used,  the  out- 
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that  may  arise  can  be  compensated  for  by  means  of  feeder 
potential  regulators.  In  most  stations  where  a  number  of 
feeders  run  out  to  points  varying  in  distance  from  the 
station,  these  regulators  are  provided  anyway,  in  order  that 
the  voltage  supplied  to  the  lamps  may  be  under  control. 

In  some  cases  where  lights  are  operated  from  a  three- 
phase  alternator,  the  four-wire  three-phase  system  is  used. 
This  is  shown  in  Fig.  16.  The  secondaries  of  the  trans- 
formers A  are  Y-connected  and  are  wound  to  give  the 
voltage  required  by  the  lamps.  The  fourth  wire  is  brought 
from  the  common  connection  of  the  Y  winding,  and  the  vari- 
ous single-phase  circuits  are  connected  between  the  fourth 
wire  and  the  other  three  as  shown.  In  this  case  the  feeder 
running  from  the  station  is  three-phase  and  the  lamps  are 
fed  from  the  four-wire  secondary  mains.  The  voltage 
between  any  pair  of  the  three  mains  connected  to  the  ter- 
minals of  the  Y  winding  would  be  £*  X  Vs,  where  E  is  the 
lamp  voltage.  Since  these  mains  are  three-phase,  induction 
motors  can  be  operated  from  them;  if  126-volt  lamps  were 
used,  standard  220-volt  motors  could  be  run  from  the 
same  mains. 

Fig.  17  shows  a  lighting  system  in  which  the  three-phase 
alternator  is  provided  with  a  fourth  collector  ring  connected 
to  the  common  junction  of  the  winding;  a  fourth  bus-bar 
is  connected  to  this  ring.  This  "fourth  wire  acts  as  a  com- 
mon return,  and  the  single-phase  feeders  can  be  connected 
across  any  one  of  the  three  armature  windings.  For  supply- 
ing lights  to  distant  points,  long  four-wire  feeders  may  be 
run  out,  and  the  lights  or  motors  in  the  district  supplied  at 
the  end  of  the  feeders  can  be  divided  so  as  to  secure  an 
approximately  balanced  load.  The  action  of  the  four-wire 
three-phase  system  is  somewhat  similar  to  the  ordinary 
three-wire  direct-current  system. 

21,  Mixed  Systems. — In  many  large  cities,  extensive 
installations  on  the  Edison  three-wire  system  have  been 
made  in  the  past  for  the  operation  of  both  lights  and 
direct-current  motors.     These  were  supplied  from  stations 
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located  as  close  as  possible  to  the  distribution  centers.  As 
the  area  to  be  supplied  spread,  and  as  alternating  current 
became  more  extensively  used  for  power-transmission  work, 
these  companies  adopted  the  plan  of  supplying  the  existing 
direct-current  systems  with  power  from  substations  supplied 
with  alternating  current  from  one  central  station,  or  perhaps 
from  a  distant  water-power  plant. 

Fig.  18  shows  the  scheme  referred  to.  Alternating 
current  is  transmitted  from  the  central  station  at  A^  usually 
by  means  of  the  three-phase  system,  to  the  substations  B 
or  C,  where  it  is  stepped-down  by  means  of  trans- 
formers Ty  Ty  T.  The  current  may  then  be  sent  through 
rotary  converters  Ry  R  and  fed  into  a  three- wire  system,  as 
shown,  or  it  may  be  fed  to  an  alternating-current  motor  M 
that  is  coupled  to  direct-current  machines  Oy  O,  Sometimes 
arc  lights  are  also  supplied  from  these  substations  by  coup- 
ling alternating-current  motors  to  arc-light  dynamos. 

A  large  amount  of  lighting  is  carried  out,  especially  in 
cities,  by  using  the  plan  just  described.  Fig.  19  shows  a 
motor-generator  set  used  for  transforming  from  three-phase 
alternating  to  three-wire  direct  current.  The  three-phase 
synchronous  motor  A  receives  current  from  transformers 
after  it  has  been  stepped-down  from  the  high-tension  line  that 
transmits  it  from  the  central  station.  The  motor  drives  the 
two  direct-current  dynamos  B  and  C,  which  are  connected  in 
series  and  supply  current  to  the  three-wire  system. 

For  electric-lighting  work,  the  use  of  a  synchronous 
motor  driving  direct-current  generators  gives  better  results 
than  rotary  converters,  because  the  former  arrangement 
maintains  a  steadier  voltage  on  the  direct-current  side,  a 
feature  of  great  importance  in  connection  with  incandescent 
lighting.  If  the  voltage  supplied  to  the  alternating-current 
side  of  a  rotary  converter  varies,  the  direct-current  voltage 
will  also  vary.  Consequently,  all  the  bad  effects  of  drop  in 
the  alternating-current  transmission  line  are  felt  on  the 
direct-current  side,  and  therefore  cause  fluctuations  in  the 
lamps.  If,  however,  synchronous  motors  are  used  to  drive 
separate  direct-current  machines,  the  speed  of  the  motor  will 
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be  constant  so  long:  as  the  speed  of  the  distant  dynamo  is 
constant,  no  matter  what  may  be  the  fluctuations  in  the 
voltage  delivered,  because  the  motor  is  bound  to  run  in 
synchronism;  the  direct -current  machines  will  therefore 
deliver  a  steady  voltage,  because  of  the  constant  speed. 
For  similar  reasons,  synchronous  motors  are  better  than 
induction  motors  for  this  work,  the  latter  giving  variable 
speed  and  lower  power  factor. 

22.  The  use  of  constant-potential  alternating  current  of 
the  two-phase  or  three-phase  variety  allows  a  great  flexi- 
bility in  the  kind  of  apparatus  operated  from  one  station. 
If  it  is  necessary  to  have  direct  current  for  any  purpose,  the 
transformation  is  easily  effected.  In  general,  where  rotary 
converters  or  alternating-current  motors  are  used,  it  is 
desirable  to  have  a  low  frequency,  say,  about  25  or  40.  On 
the  other  hand,  the  frequency  should  not  be  below  30  or 
40  cycles  per  second  if  the  current  is  to  be  used  for  incan- 
descent lighting.  A  high  frequency  calls  for  less  expensive 
transformers,  and  between  all  these  requirements,  which  are 
more  or  less  conflicting,  a  frequency  of  60  has  been  very 
generally  adopted  for  systems  where  the  current  is  used 
both  for  light  and  power. 

23.  Frequency  Changrers. — In  some  cases,  the  con- 
ditions may  be  such  that  the  greater  part  of  the  current  on 
an  alternating  system  is  utilized  at  low  frequency  for  general 
power  purposes  or  for  the  operation  of  rotary  converters. 
However,  part  of  the  current  may  be  required  for  lighting 
work,  for  which  a  higher  frequency  is  desirable.  For 
example,  the  frequency  generally  used  might  be  25  cycles 
per  second,  whereas,  the  frequency  required  for  alternating- 
current  arc  lamps  should  not  be  below  50  cycles  per  second. 
To  change  from  one  frequency  to  another,  frequency 
chancers  are  used.  Thus,  a  low-frequency  synchronous 
or  induction  motor  can  be  coupled  to  a  higher  frequency 
alternator.  Synchronous  motors  are  generally  used  in 
preference  to  induction  motors  for  this  purpose.  The 
Stanley  inductor  alternator  in  slightly  modified  form  can 
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be  used  as  a  frequency  changer.  This  machine  is  double, 
having  two  sets  of  revolving  polar  projections  and  two 
armature  windings.  One  side  of  the  machine  can,  there- 
fore, be  provided  with  a  different  number  of  poles  and 
a  different  winding  from  the  other.  For  example,  one  side 
might  have  half  as  many  poles  as  the  other  and  operate 
as  a  synchronous  motor;  the  other  side  will  then  operate  as 
an  alternator  and  the  machine  will  constitute  a  frequency 
changer,  changing  from  one  frequency  to  twice  that  fre- 
quency. By  winding  the  two  sides  of  a  frequency  changer 
for  different  voltages,  the  machine  can,  if  necessary,  be 
used  to  transform  the  voltage  at  the  same  time  that  the  fre- 
quency is  changed.  

PROTECTION    OP    SECONDARY    CIRCUITS 

24,  Alternating  current  is  used  for  lighting  work 
because  it  allows  a  high  pressure  for  transmitting  the  cur- 
rent from  the  station.  It  is  necessary,  however,  to  use  a 
low  pressure  for  operating  the  lamps,  because  it  is  practi- 
cally impossible  to  devise  a  system  of  house  wiring  that  is 
safe  under  high  pressure,  and,  moreover,  incandescent  lamps 
cannot  be  constructed  for  high  pressure.  On  alternating- 
current  lighting  systems,  therefore,  the  pressure  on  the  line 
is  much  higher  than  that  supplied  to  the  consumer;  for 
example,  the  line  pressure  may  be  2,000  volts  and  the  lamp 
pressure  100  volts.  On  this  account  it  is  very  important  that 
the  secondary  winding  should  never  come  in  contact  with  the 
primary,  because  the  presence  of  the  high  voltage  on  the 
secondary  wiring  is  dangerous.  A  number  of  deaths  from 
shock  can  be  traced  to  this  cause;  in  fact,  this  element  of 
danger  was  at  one  time  advanced  as  an  argument  against 
the  use  of  alternating  current  for  lighting  purposes. 

In  Fig.  20,  let  P  represent  the  primary  coil  of  a  trans- 
former connected  to  high-tension  mains  and  5  the  secondary 
coil  connected  to  the  house  wiring  that  supplies  the  lamps  /,  /. 
Suppose  that  the  insulation  between  the  primary  and  secondary 
coils  breaks  down  at  the  point  a\  also,  suppose  that  there  is  a 
partial  ground  on  one  of  the  primary  lines  e  and  that  a  person 
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standing  on  the  ground,  or  in  connection  with  anything 
that  can  conduct  current  to  the  ground,  touches  one  of  the 
wires  by  say,  by  touching  an  exposed  lamp  base  or  lamp  socket. 
A  path  through  the  person's  body  is  at  once  established  and 
the  high-tension  current  is  free  to  flow,  as  indicated  by  the 
arrows.  The  shock  resulting  from  such  a  current  has  proved 
fatal  in  many  cases.  There  is  almost  always  more  or  less 
of  a  ground  on  high-tension  lines,  because  it  is  practically 
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impossible  to  maintain  perfect  insulation  where  wires  are 
strung  in  the  air  and  make  contact  with  trees.  A  ground 
between  primary  and  secondary,  therefore,  results  in  a  very 
dangerous  condition,  the  more  so  because  there  is  nothing 
to  indicate  that  such  a  condition  exists  until  some  accident 
happens.  The  same  condition  will  arise  in  case  the  primary 
wires  in  any  way  become  crossed  with  the  secondary  wires 
leading  from  the  transformer. 

25,  Breakdowns  between  primary  and  secondary  may 
be  due  to  defective  insulation,  or  they  may  be  caused  by  a 
high-potential  discharge,  such  as  a  stroke  of  lightning. 
The  insulation  in  the  older  styles  of  transformer  was  by  no 
means  as  good  as  that  now  employed;  it  gradually  became 
decomposed  under  the  long-continued  heating,  in  many  cases 
being  affected  so  that  it  had  very  little  mechanical  strength 
and  thus  provided  insulation  of  a  very  poor  order.    Any 
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abnormal  rise  in  voltage  was  almost  sm-e  to  break  down  the 
insulation  of  such  transformers,  and  the  breakdown  was 
usually  followed  by  a  bmn-out.  In  modem  transformers, 
the  working  temperature  is  kept  down  by  careful  design  and 
efficient  ventilation.  Much  attention  has  been  paid  to  the 
character  of  the  insulation,  and  the  use  of  oil,  together  with 
the  better  insulation,  has  resulted  in  a  great  reduction  in  the 
number  of  breakdowns  due  to  lightning  or  other  causes. 
No  transformer  should  be  put  into  service  that  cannot  stand 
a  high-poteqtial  breakdown  test  between  its  primary  and 
secondary.  For  example,  an  ordinary  2,000-volt  lighting 
transformer  should  stand  a  test  of  at  least  6,000  volts 
between  primary  and  secondary;  some  manufacturers  give 
a  test  of  10,000  volts.  In  Fig.  20,  if  the  secondary  were 
permanently  connected  to  the  ground,  as  at  /^,  a  person 
touching  either  side  of  the  secondary  could  never  receive  a 
shock  greater  than  that  due  to  the  secondary  voltage. 

In  order  to  prevent  accidents,  a  number  of  protective 
devices  have  been  invented  to  ground  the  secondary  auto- 
matically whenever  a  breakdown  occurs,  or  whenever  the 
pressure  between  the  secondary  wiring  and  the  ground 
becomes  abnormally  high.  These  devices  are  not  used  very 
extensively;  yet,  while  they  may  not  always  be  reliable  in 
their  action,  they  render  the  system  safer. 


26.  Thomson  Protective  Devices. — Fig.  21  shows  a 
protective  device  invented  by 
Prof.  Elihu  Thomson.  It  con- 
sists of  copper  shields  r,  c  placed 
between  the  primary  and  sec-  'n 
ondary  coils  in  such  a  manner 
that  any  connection  between  the 
coils  must  take  place  through 
the  shield,  which  is  connected 
to  the  ground.  If,  therefore,  a 
breakdown  takes  place  between 
primary  and  secondary,  the  latter  becomes  grounded  and 
thus  protects  the  secondary  system. 
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The  ground  shield  is  not,  however,  a  positive  protection 
under  all  conditions  and  is  now  seldom  used.  A  short 
circuit  may  bum  a  hole  through  the  shield,  or  the  primary- 
and  secondary-coil  terminals  may  touch  each  other  outside 


Pio.22 

the  shield.  Moreover,  the  ground  shield  makes  the  trans- 
former more  difficult  to  construct  and  insulate  properly.  If 
ground  shields  are  used,  they  must  not  form  a  complete  cir- 
cuit around  the  transformer  core,  otherwise  they  will  act  as  a 
short-circuited  secondary  and  heavy 
currents  will  be  induced  in  them. 


\m££m 


r/^JOTON 


Poftr 


-  27.  Figs.  22  and  23  show  another 
Thomson  protective  device.  Its 
operation  will  be  imderstood  by  refer- 
ring to  Fig.  23.  The  plate  a  is  con- 
nected to  the  ground  and  plates  ^,  b 
are  connected  to  the  secondary  lines. 
Plates  a  and  b  are  separated  from 
each  other  by  pieces  of  thin  prepared 
paper  c,  c  that  are  easily  able  to  stand 
the  normal  secondary  voltage.  If, 
however,  the  primary  and  secondary 
become  connected,  or  if  the  second- 
ary voltage  in  any  way  becomes 
excessive,  either  one  or  both  of  the 
films  c,  c  break  down,  thus  grounding  the  secondary.  If  both 
films  break  down  at  the  same  time,  the  secondary  will  be 
short-^circuited  and  will  cause  the  primary  fuses  to  blow, 
thus  cutting  off  the  transformer.     As  tar  as  the  automatic 
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grounding  of  the  secondary  is  concerned,  it  would  be  suf- 
ficient to  provide  but  one  protective  film  on  one  side  of  the 
secondary,  but  it  is  usual  to  provide  two,  because  one  may 
fail  to  work. 

28.     Permanent    Groundingr    of     Secondary. — The 

most  effective  way  of  overcoming  the  danger  due  to 
crosses  between  primary  and  secondary  is  to  ground  the 
secondary  permanently.  It  is  true  that  there  are  objections 
to  grounding,  and  it  is  a  practice  that  has  not  been  generally 
followed.  Many  station  managers  are  not  in  favor  of  it  for 
the  following  reasons:  If  the  secondary  is  permanently 
grounded,  another  ground  will  establish  a  short  circuit  and 
cause  an  interruption  of  the  service,  whereas,  with  an 
ungrounded  secondary,  two  grounds  are  necessary  to  give 
rise  to  a  short  circuit.  The  grounding  of  one  part  always 
makes  the  tendency  greater. for  a  ground  to  develop  at 
some  other  part  and  thus  increases  the  fire-risk  due  to 
leakage  current  to  ground  on  the  secondary  wiring.  It  is 
claimed  by  those  opposed  to  this  practice  that  the  ground 
connection  invites  trouble  from  lightning.  The  Fire  Under- 
writers at  one  time  would  not  permit  grounding  because  of 
the  additional  fire-risk  introduced,  but  it  is  now  permitted,  so 
that  there  is  no  objection  to  the  practice  so  far  as  fire-insur- 
ance is  concerned.  If  the  secondary  wiring  is  not  good 
enough  to  withstand  the  additional  strain  put  on  it  because 
of  grounding  the  system,  it  is  time  that  the  wiring  was 
remodeled.  It  is  safe  to  say  that  this  objection  carries  little 
weight  if  the  wiring  is  put  up  in  accordance  with  the  Under- 
writers' requirements.  The  woak  point  in  most  secondary 
systems  is  not  in  the  wiring  proper,  but  at  the  fixtures  and 
outlets.  There  is  no  question  but  that  the  permanent 
grounding  of  the  secondary  renders  the  system  safer  so  far 
as  danger  to  life  is  concerned,  and  if  a  company  does  not 
make  a  practice  of  grounding,  it  should  at  least  take  the 
precaution  of  testing  the  insulating  properties  of  the  trans- 
formers at  regular  intervals  as  well  as  before  they  are 
put  into  service.     This  does  not  necessarily  mean  that  the 
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transformers  must  be  taken  down;  they  can  be  subjected  to 
a  high-potential  test  by  means  of  a  small  portable  testing 
transformer. 

In   case    transformers    supplying   a   two-wire   secondary 
system  are  grounded,  the  ground  connection  is  made  from 
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the  middle  point  of  the  secondary  coil,  as  shown  in 
Fig.  24  (a).  This  reduces  the  strain  on  the  secondary 
insulation  to  half  what  it  would  be  if  either  secondary  line 
were  grounded.  If  the  secondary  system  is  three-wire,  as  in 
Fig.  24  (b),  the  neutral  or  middle  wire  is  grounded. 


GBOirNDING    OF    NEUTRAL.    ON    THREE-WIRB    DIRECT- 
CURRENT    SlTSTEM 

29.  The  grounding  of  the  neutral  wire  of  three-wire, 
secondary,  alternating-current  systems  protects  the  second- 
ary from  high-tension  primary  currents,  and  therefore  is 
desirable  on  the  score  of  safety.  There  has  been  a  great 
deal  of  discussion  as  to  the  advisability  of  grounding  the 
neutral  on  low-pressure,  direct-current,  three-wire  systems. 
The  argument  as  to  safety  from  shock  does  not  apply  here 
with  the  force  that  it  does  with  alternating-current  secondary 
systems  fed  from  high-tension  primary  lines.  In  direct-cur- 
rent three-wire  systems,  the  pressure  between  the  outside 
wires  is  seldom  over  450  volts,  and  in  most  cases  it  does  not 
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exceed  250  volts,  neither  of  which  is  high  enough  to  be, 
tinder  ordinary  conditions,  dangerous  to  life.  If  the  neutral 
wire  is  grounded  permanently,  the  maximum  pressure  that 
can  exist  between  either  of  the  outside  wires  and  the  ground 
is  one-half  the  voltage  between  the  outside  wires;  whereas, 
if  the  neutral  is  not  grounded,  the  pressure  existing  between 
one  outside  wire  and  the  ground  would  be  equal  to  the  full 
pressure  between  the  outside  wires  in  case  a  ground  devel- 
oped on  the  other  outside  wire.  This  fact  has  been  advanced 
as  an  argument  in  favor  of  grounding  of  the  neutral,  but  it 
is  evident  that  it  does  not  carry  the  same  weight  with  direct- 
current  systems  as  with  alternating,  because  with  the  latter 
the  voltage  between  the  lines  and  ground  may,  under  certain 
circumstances,  become  as  high  as  that  on  the  primary,  while 
with  the  former  it  can  never  be  greater  than  the  voltage 
between  the  outside  lines. 

It  has  also  been  claimed  that  by  grotmding  the  neutral, 
the  earth  helps  the  conductor  to  carry  the  current,  and  thus 
improves  the  voltage  regulation,  particularly  on  unbalanced 
loads  when  the  current  in  the  neutral  is  considerable.  This, 
however,  is  a  doubtful  advantage  because,  if  large  currents 
are  allowed  to  flow  through  the  groimd  or  through  neighbor- 
ing pipes,  electrolytic  action  will  set  in  wherever  current 
flows  from  the  pipes  or  other  conductors  into  the  moist 
earth,  thus  causing  corrosion.  When  the  neutral  wire 
is  grounded,  a  grotmd  on  either  of  the  other  wires  will 
lead  to  a  short  circuit,  whereas  with  an  ungrounded 
neutral  two  grounds  are  necessary.  On  small  systems, 
where  a  ground  can  be  readily  located  and  cleared  before 
another  ground  develops,  it  is  not  customary  to  ground  the 
neutral.  It  must  be  remembered  that  when  the  neutral  is 
grounded,  the  maximum  pressure  that  can  exist  between  the 
outside  wires  and  the  grotmd  is  limited  to  one-half  tiie  volt- 
age between  outside  wires;  hence,  the  pressure  that  may  be 
acting  on  defective  insulation  to  start  a  leak  to  grotmd  can 
never  be  as  great  as  if  the  neutral  were  not  grounded.  At 
the  same  time,  a  permanent  ground  on  the  neutral  invites 
grounds   on  other  parts,   and  for  a  long   time   the   Fire 
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Underwriters  would  not  allow  the  neutral  to  be  gfrounded; 
grounding  is  now  permitted  by  their  rules. 

If  a  three-wire  system  is  carrying  an  unbalanced  load  of 
lamps,  and  if  the  fuse  in  the  neutral  blows,  it  is  evident  that 
the  lamps  on  the  lightly  loaded  side  will  receive  an  excessive 
voltage,  and  are  apt  to  be  burnt  out.  On  this  account,  the 
neutral  is  often  not  fused  at  all;  or  if  it  is,  a  heavier  fuse  is 
used  than  on  either  of  the  outside  wires. 

If  fuses  are  used  on  the  neutral  branches  as  well  as  on  the 
outside  wires,  the  risk  of  blowing  neutral  fuses  is  reduced  if 
the  neutral  is  grounded.  Suppose,  for  example,  that  the 
neutral  is  not  permanently  grounded  and  that  a  ground 
occurs  on  the  positive  main  feeder;  suppose,  also,  that  a 
ground  occurs  on  a  branch  neutral  line.  The  fuse  on  the 
branch  neutral  will  blow  because  it  is  much  smaller  than  the 
fuse  protecting  the  main  feeder,  and  the  result  will  be  a 
bum-out  of  lamps.  If,  however,  the  neutral  is  grounded  at 
the  dynamo,  a  ground  on  either  positive  or  negative  will  blow 
one  of  the  outside  fuses  and  no  danger  to  the  lamps  can  result. 

On  large  three-wire  systems,  where  an  extended  network  is 
supplied  through  underground  cables  or  Edison  undergroimd 
tubes,  the  neutral  is  generally  grounded,  as  the  advantages 
of  grounding  outweigh  the  disadvantages;  for  small  systems 
or  for  isolated  plants  it  is  better  on  the  whole  to  keep  the 
neutral  insulated. 

AliTERNATING-CURRENT,   CONSTANT-CURRENT 

SYSTEM 


GENERAL.    DESCRIPTION 

30.  The  alternating: -current,  constant -current 
system  is  used  for  series  incandescent  street  lighting  and  is 
well  adapted  for  suburban  districts  or  residence  streets  in 
cities  that  are  so  shaded  by  trees  as  to  make  arc  lighting 
difficult.  It  is  also  an  excellent  system  for  street  lighting  in 
small  towns  and  villages,  because  it  can  be  operated  from 
the    same    generating    outfit    used    for    constant -potential 
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interior  lighting  and  the  cost  of  the  street-lighting  outfit  is 
smaller  than  would  be  required  for  arc  lighting.  Moreover, 
it  requires  very  little  work  to  keep  the  lamps  in  running 
order,  as  compared  with  arc  lamps,  and  street  lighting  can 
often  be  carried  out  by  this  system  where  arc  lighting  would 
not  pay.  Of  course,  street  incandescent  lamps  could  be 
operated  from  constant-potential  transformers  in  the  usual 
manner,  but  this  class  of  lighting  is  usually  so  scattered  that 
parallel  distribution  at  low  pressure  is  out  of  the  question. 
The  series  arrangement  uses  a  small  current  at  high  pfessiu'e 
and  hence  requires  but  a  small  amount  of  line  wire. 

Series  inciandescent  circuits  are  operated  from  the  regular 

constant-potential  alternators.     For  example,  in  Fig.  25,  A 

represents  a  constant-potential  alter- 
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as  no  lamps  bum  out.  If  one  or  more  lamps  bum  out,  the 
current  will  increase  because  the  voltage  generated  by  A 
remains  constant  and  the  reduction  in  the  number  of  lamps 
lowers  the  resistance  of  the  circuit.  Each  lamp  must  be 
provided  with  a  device  of  some  kind  that  will  automatically 
maintain  the  circuit  around  a  lamp  in  case  it  burns  out, 
otherwise  the  whole  series  of  lamps  will  be  extinguished. 
The  number  of  lamps  on  the  circuit  is  fixed  by  the  line 
voltage  and  the  voltage  per  lamp.     Thus,  if  20-volt  lamps 
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were  used  on  a  1,000-volt  system,  there  would  necessarily  be 
fifty  lamps  in  each  series  circuit,  neglecting  the  volts  lost  in 
the  line.  In  order  to  operate  series  circuits  successfully, 
means  must  be  provided  for  varying  the  voltage  applied  to 
the  circuits  so  that  the  current  can  be  maintained  at  a  constant 
value  within  narrow  limits  irrespective  of  the  number  of 
lamps  in  operation.  The  variation  in  voltage  should  also  be 
such  as  to  admit  of  considerable  range  in  the  number  of 
lamps  operated  on  a  circuit,  because  in  many  cases  the 
lamps  required  on  a  given  circuit  might  not  be  large 
enough  to  take  up  the  full  voltage  of  the  alternator. 


LAMPS 

31.  The  lamps  used  for  series  circuits  are  similar  to 
ordinary  multiple  lamps  except  that  the  filament  is  heavier. 
In  the  past,  3i-  or  5}-ampere  lamps  having  an  efficiency  of  3.5 
or  4  watts  per  candlepower  have  been  used,  depending  on 

the  length  of  the  circuits 
and  the  available  volt- 
age. In  later  installa- 
tions, the  tendency  is 
to  use  higher  voltage 
lamps  taking  a  smaller 
current  of  about  1.75 
amperes.  These  lamps 
are  cheaper  than  those 
designed  for  the  larger 
currents,  thus  making 
the  cost  for  renewals 
less  and  decreasing  the 
line  loss.  In  the  West- 
*  ^  inghouse  system,  which 

is  described  later,  ordi- 
nary 50-volt  or  100-volt  lamps  are  used.  The  line  must  be 
strong  enough  to  withstand  storms,  hence  the  wire  cannot 
be  made  less  than  No.  6  or  8  B.  &  S.,  and  the  use  of  lower  cur- 
rent lamps  does  not  effect  any  saving  in  the  cost  of  the  line. 
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To  maintain  the  continuity  of  the  circuit  around  bumed-out 
lamps,  a  film  cut-out  fs  very  commonly  used.  This  consists 
of  a  thin  piece  of  paper  held  between  springs  connected  to 
the -terminals  of  the  lamp.  As  long  as  the  lamp  is  burning, 
the  pressure  to  which  the  film  is  subjected  is  equal  to  the 
drop  through  the  lamp,  but  if  the  lamp  bums  out,  the  circuit 
is  momentarily  interrupted,  and  the  pressure  existing  between 
the  two  sides  of  the  film  rises  for  an  instant  to  full  line 
pressure.  The  excessive  pressure  punctures  the  paper,  thus 
allowing  the  springs  to  touch  and  maintain  the  circuit  around 
the  lamp.  In  the  older  types  of  lamp,  the  film  cut-out  was 
placed  in  the  lamp  base.     In  later  outfits,  the  film  cut-out  is 
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placed  in  a  special  socket.  Fig.  26,  so  that  the  lamp  base  is  the 
same  as  on  an  ordinary  lamp.  The  lamp  screws  into  the 
socket  Uy  the  projecting  part  of  which  carries  two  brass  con- 
tact springs  between  which  the  film  cut-out  is  placed.  The 
receptacle  b  is  attached  to  the  supporting  bracket  and  the 
line  wires  connect  to  terminals  at  /,  g  to  which  are  attached 
contact  springs  d,  e^  shown  in  c,  which  also  serve  to  hold 
the  socket  when  it  is  pushed  into  place.  When  a  socket  is 
pulled  out  in  order  to  replace  a  film  cut-out,  springs  d,  e  touch 
each  other  before  the  socket  is  entirely  removed,  thus  pre- 
venting the  circuit  from  being  broken.  Fig.  27  shows  the 
lamp  bracket  complete  with  its  refiector.     Since  the  pressure 
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on  these  circuits  is  high,  it  is  necessary  to  provide  thorough 
insulation  from  ground.  A  triple-petticoat,  10,000-volt  insu- 
lator is,  therefore,  inserted  between  the  lamp  receptacle  and 
the  gooseneck,  as  indicated  at  a. 


CURRENT    REGULATORS 

32.  liamp-Board  Regulator. — Many  different  devices 
have  been  used  for  maintaining  the  current  on  series  incan- 
descent circuits  at  a  constant  value.  The  first  method  was 
to  insert  a  few  lamps  in  series  with  each  circuit  in  the  sta- 
tion and  have  a  switch  arranged  so  that  as  many  of  these 
lamps  as  desired  could  be  cut  into  circuit.  An  ammeter  was 
also  included  and  whenever  the  current  increased  because  of 
a  lamp  going  out  on  the  line,  the  station  attendant  cut  in  a 
lamp  in  the  station  to  take  its  place  and  bring  the  current 
back  to  normal  value.  This  was  a  very  inefficient  method 
of  regulation  and  if  the  attendant  were  not  prompt  to  notice 
the  increase  in  current,  the  lamps  on  the  circuit  might  be 
subjected  to  an  excessive  voltage  for  some  time,  thereby 
shortening  their  life. 

33.  C  R  Regulator.— The  C  R  Regulator  of  the  Gen- 
eral Electric  Company  consists  of  an  autotransformer  with 
secondary  taps  brought  out  to  a  multipoint  switch  whereby 
the  pressure  of  the  secondary  of  the  transformer  can  be 
added  to  or  subtracted  from  the  voltage  of  the  lines.  This 
regulator  gives  a  wide  range  of  regulation  and  is  very  effi- 
cient, but  it  is  not  automatic  and  has  been  superseded  by 
other  methods  by  which  the  current  is  automatically  main- 
tained at  the  correct  value.  It  is  very  important  that  the 
current  on  series  incandescent  circuits  shall  never  exceed  the 
allowable  amount,  even  for  short  intervals.  This  can  easily 
happen  if  the  regulator  does  not  operate  automatically  or  if 
it  is  not  capable  of  maintaining  constant  current  throughout 
a  very  wide  variation  in  the  number  of  lamps  on  the  circuit. 
For  example,  two  grounds  might  occur  on  a  circuit  and  thus 
cut  out  a  large  number  of  lamps  throwing  an  excessive  current 
on  the  remaining  lamps  unless  the  regulator  acted  promptly. 
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34.  Beactance-Coll  Regulator. — To  secure  automatic 
regulation,  a  special  type  of  reactance  coil  has  been  used  in 
some  cases;  Fig.  28  (a)  illustrates  the  principal  features  of 
the  arrangement.  The  constant-potential  alternator  a  sup- 
plies current  to  the  mains  across  which  the  lamp  circuit  is 
connected  in  series  with  a  reactance  coil  c.  The  coil  is  sus- 
pended from  a  sector  d  and  is  counterbalanced  by  weights  e. 
Any  tendency  for  the  current  to  increase  causes  the  coil  to 
be  drawn  down  over  laminated  core  b,  thus  increasing  the 
reactance  of  the  coil  and  keeping  down  the  current  to  normal 
value.     A  properly  designed  coil  will  maintain  the  current 
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(•) 


w 


Pio.  28 


constant  within  narrow  limits,  and  as  it  operates  automat- 
ically, the  danger  of  straining  the  lamps  by  the  application  of 
an  excessive  voltage  is  reduced  to  a  minimum.  An  objection 
to  the  arrangement  shown  in  {a)  is  that  the  series  circuit  is 
in  electrical  connection  with  the  alternator  and  a  ground  on 
the  circuit  grounds  the  main  distribution  system. 

A  series  circuit  is  usually  long  and  grounds  are  quite 
liable  to  occur,  hence,  it  is  a  good  plan  to  have  it  com- 
pletely separated  from  the  main  system  by  inserting  a 
transformer,  as  in  Fig.  28  (^).  It  should  be  particularly 
noted  that  with  an  automatic  regulator  it  is  not  necessary  to 
place  the  regulator  in  the  station.  It  may  be  placed  out  on 
the  line  and  connected  to  the  primary  mains  at  whatever 
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point  may  be  most  convenient,  thus  effecting  a  considerable 
saving  in  line  wire  and  a  corresponding  reduction  in  line 
losses.  In  some  cases'  the  regulators  have  been  placed  in 
boxes  mounted  on  poles. 


35.  Constant  -  Current  Transf  omier.  —  The  most 
recent  development  in  the  line  of  regulating  devices  for 
series  alternating  circuits  is  the  constant-current  trans- 
former. This  combines,  in  one  device,  the  advantages  of 
the  automatic  reactance  coil  and  insulating  transformer,  and 
is  somewhat  cheaper  and  more  efficient  than  the  latter  com- 
bination shown  in  Fig.  28  {d).  Fig.  29  shows  the  main 
features  of  the  General  Electric  constant-current  trans- 
former system.  The  transformer  has  two  flat  coils — a  pri- 
— « mary  d  that  is  fixed  and  a  second- 
ary c  that  is  suspended  from  e 
-^  and  counterbalanced  by  weight  /. 
^^^  Coil  c  slides  up  or  down  over  the 

1~  ^^^^^  laminated  core  d  and  when  it  occu- 

H/ ^  pies  the  position  i,  where  it  rests 

on  the  primary  ^,  the  secondary 
furnishes  its  maximu;n  E.  M.  F. 
and  operates  the  maximum  num- 
ber of  lamps.  The  counterweight 
is  adjusted  to  balance  the  weight  of 
the  movable  coil  less  the  electrical 
repulsion  that  exists  between  the 
two  coils  when  current  is  flowing. 
If  the  secondary  is  in  position  1  and  a  number  of  lamps  are 
cut  out,  the  repulsive  action  increases  because  of  the  momen- 
tary increase  in  current  and  the  secondary  moves  up  to  some 
such  position  as  2,  where  the  current  is  restored  to  normal 
value  by  a  corresponding  reduction  in  the  secondary  E.  M.  F. 
The  secondary  E.  M.  F.  decreases  as  coil  c  moves  up  from  ^, 
because  of  the  magnetic  leakage  that  takes  place  between 
the  coils,  as  indicated  by  the  dotted  lines;  Jhe  greater  the 
separation  of  the  coils,  the  greater  is  the  leakage  and  the 
less  is    the    secondary    E.   M.   F.    When    the    secondary 
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occupies  position  3  (position  corresponding  to  short  circuit), 
the  E.  M.  F.  applied  to  the  series  circuit  is  very  low.  This 
device  can  be  made  to  give  very  close  regulation,  but  it  is 
advisable,  if  the  transformer  is  operated  at  less  than  half 
load,  to  block  the  coils  so  that,  before  the  circuit  is  plugged 
in,  they  are  about  an  inch  farther  apart  than  the  normal 


Fio.90 

operating  position.  This  prevents  an  abnormal  current 
during  the  short  interval  required  for  the  movable  coil  to 
adjust  itself  and  avoids  strain  on  the  lamps. 

Fig.  30  shows  an  8.8-kilowatt  constant-current  transformer 
in  which  the  CQils,  core,  etc.  are  lettered  to  correspond  with 
Fig.  29;  ^  is  a  dashpot  provided  with  a  by-pass  and  close- 
fitting  piston.    By  means  of  the  by-pass,  the  steadying  action 
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of  the  dashpot  can  be  adjusted.  The  levers  connected  to  the 
counterweight  and  dashpot  are  suspended  on  knife  edges 
and  by  reducing  the  counterweight  the   secondary  current 

is  increased  and  vice 
versa,  so  that  the  sec- 
ondary current  can  be 
adjusted  within  limits. 
The  primary  coil  is 
usually  wound  for  1,100 
or  2,200  volts  and  the 
secondary  for  1.75,  3.5, 
5.5,  or  7.5  amperes,  de- 
pending on  the  charac- 
ter of  the  circuit,  and 
7?'4f/Z/frm4r  each  transformer  or  set 
of  transformers  is  con- 
nected to  the  line  and 
alternator  through  a 
small  switchboard. 

Fig.  31  shows  the 
connections  for  a  trans- 
former switchboard 
supplying  a  single  cir- 
cuit; it  is  equipped  with 
a  recording  wattmeter,  potential  transformer,  plug  switches, 
ammeter,  and  lightning  arrester.  With  primary  pressures 
less  than  2,500  volts,  it  is  not  necessary  to  use  a  current 
transformer  with  the  ammeter. 

36.  The  series  incandescent  street-lighting  devices  used 
by  the  Westinghouse  Company  are  considerably  different 
from  those  described,  in  regard  to  the  method  of  compen- 
sating for  burned-out  lamps.  Ordinary  50-volt  or  100-volt 
lamps  are  used;  for  example,  on  a  1,000- volt  circuit,  twenty 
50-volt  or  ten  100-volt  lamps  would  be  connected  in  series. 
The  operation  of  the  Westinghouse  device  will  be  under- 
stood by  referring  to  Fig.  32.  Z,,  L,  L  represent  a  series 
of    ten    100-volt    lamps    connected    across   the    1,000- volt 
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mains  M.  Across  the  terminals  of  each  lamp,  a  coil  c  wound 
on  a  laminated  iron  core  d  is  connected  so  that  the  coil  is  in 
shunt  with  the  lamp  under  ordinary  working  conditions.  As 
long  as  the  lamp  is  imbroken,  only  a  very  small  current 
passes  through  the  shunt  coil;  just  enough  current  will  flow 
to  magnetize  the  coil  sufficiently  to  generate  a  counter 
E.  M.  F.  of  100  volts.  When  the  lamp  burns  out,  the  whole 
current  passes  through  the  shunt  coil,  or  shunt  box^  as  it  is 
often  called,  and  as  the  iron  in  the  core  is  worked  at  a  point 
near  saturation,  the  counter  E.  M.  F.  rises  but  slightly  over 
100  volts,  although  the  current  through  the  coil  is  very  much 
greater  than  it  was  before  the  lamp  broke.  The  coil,  there- 
fore, takes  the  place  of  the  lamp   and  introduces  into  the 


Pio.  82 

• 

circuit  a  counter  E.  M.  F.  of  slightly  over  100  volts  to  take 
the  place  of  the  lamp.  The  current  remains  about  the  same 
and  the  life  of  the  remaining  lamps  is  not  endangered.  If  as 
many  as  four  or  five  lamps  are  out  at  once,  the  remaining 
lamps  become  somewhat  dim  on  account  of  the  fact  that 
each  shunt  coil  introduces  a  little  higher  counter  E.  M.  F. 
than  the  amount  of  the  drop  through  the  lamp  that  it 
replaces.  This  arrangement  does  not,  therefore,  maintain 
an  absolutely  constant  current. 

Like  the  arrangement  shown  in  Fig.  28  (a)  this  system  has. 
the  disadvantage  of  direct  electrical  connection  between  the 
series  circuits  and  the  main  system,  but  this  can  be  avoided 
by  separating  the  two  by  means  of  a  transformer. 
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liINK  CALCUIiATIONS 


TWO-WIRE  AND    THREE-WIRE    DIRECT-CURRENT   SYSTEMS 

37.  The  methods  for  calculating  the  size  of  wire  required 
to  transmit  a  given  current  over  a  given  distance  with  a 
certain  allowable  drop  are  the  same  as  those  used  for  the 
calculation  of  power-transmission  lines,  though  sometimes 
the  formulas  are  put  in  a  slightly  different  form  so  as  to 
be  more  directly  applicable  to  the  subject  of  electric  lighting. 

The  formula  that  is  most  generally  applicable  is  the  fol- 
lowing: 

^  =  21L6^  (1) 

e 

where  A  =  required  area  of  cross-section  of  wire,  in  circular 
mils; 
D  =  distance,  in  feet  (one  way),  to  point  where  cur- 
rent is  distributed; 
/  =  current,  in  amperes,  transmitted; 
e  =  drop,  in  volts. 

In  making  line  calculations  in  connection  with  electric 
lighting,  some  judgment  must  be  exercised  in  choosing  the 
value  of  the  distance  D.  This  is  not  the  distance  to  the  first 
lamp  supplied  ncft*  the  distance  to  the  farthest  lamp,  but  the 
distance  to  the  center  of  distribution;  in  other  words,  the 
distance  to  the  point  at  which  we  might  imagine  all  the  lamps 
to  be  grouped.  The  product  of  the  distance  D  to  the  center 
of  distribution  and  the  current  /  is  often  spoken  of  as  the 
ampere-feet  of  the  circuit;  hence,  we  may  write  the  rule 
as  follows: 

Bule. — The  area^  in  circular  mils,  required  for  a  two-wire 
circuit  is  found  by  multiplying  the  ampere- feet  by  21.6  and 
dividing  by  the  drop^  in  volts, 

38.  Center  of  Distribution. — The  distance  D  to  the 
center  of  distribution  will  be  best  understood  by  taking  a 
few  cases   illustrating   the  point.     Consider  a  number  of 
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lamps  /,  /,  Fig.  33,  arranged  as  shown  and  fed  by  the 
dynamo  A.  The  distance  from  the  dynamo  to  the  first 
lamp  is  1,000  feet,  and  the  lamps  are  spaced  out  over  a  dis- 
tance of  100  feet.  The  whole  of  the  current  would  have  to 
be  transmitted  through  the  first  1,000  feet,  but  from  that 
point  it  would  gradually  fall  off.    We  may  then  take  the 
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point  a  as  the  center  of  distribution,  because  the  load  is 
about  equally  distributed  on  each  side  of  this  point,  and  the 
distance  D  used  in  the  formula  would  be  1,050  feet. 

Take  the  case  shown  in  Fig.  34,  where  the  lamps  are 
spaced  evenly  all  the  way  along  the  line.  In  this  case,  the 
center  of  distribution  a  may  be  taken  as  the  middle,  and 

h D —  M 
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hence  the  distance  D  is  only  one-half  the  length  of  the  line 
from  A  to  B.  The  exact  location  of  the  center  of  distribu- 
tion becomes  more  difficult  to  determine  when  the  load  is 
unevenly  spaced  or  distributed,  but  in  most  cases  it  can  be 
located  close  enough  for  practical  purposes  by  laying  out  the 
system  and  noting  carefully  the  loads  on  the  different  circuits. 

39.  Current  Estimation. — The  current  can  be  readily 
determined  when  the  nature  of  the  load  is  known.  The  gen- 
eral practice  is  to  allow  i  ampere  for  each  16-candlepower 
lamp  and  1  ampere  for  a  32-candlepower  lamp  on  110-volt 
circuits.  Some  prefer  to  make  calculations  for  lighting 
circuits  by  using  lamp-feet  instead  of  ampere-feet.  The 
number  of  lamp-feet  is  the  product  of  the  number  of 
16-candlepower  lamps  to  be  supplied  and  the  distance  to 
the   center  of  distribution.     When   this   term   is  used,   it 
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always  implies  the  use  of  16-candlepower  lamps;  if  any 
32-candlepower  lamps  are  operated,  each  lamp  must  be 
counted  as  two  16-candlepower,  etc.  If  lamp-feet  are  used, 
the  formula  becomes 

A  =  i^^         (2) 

where  A  =  area,  in  circular  mils; 

D  =  distance,  in  feet,  one  way  to-  center  of  distri- 
bution; 
N  =  number  of  lamps  (expressed  in  terms  of  16-candle- 
power lamps); 
f  =  drop,  in  volts. 

Rule. — To  determine  the  area  of  cross-section  {or  a  two-wire 
110-volt  circuity  multiply  the  lamp-feet  by  10,8  and  divide  by 
the  dropy  in  volts, 

40,  This  rule  is  here  given  because  it  is  frequently  used. 
Formula  1  is,  however,  much  to  be  preferred,  because  for- 
mula 2  assumes  that  each  lamp  takes  i  ampere,  and  this 
may  not  always  be  the  case.  Formula  1  is  applicable  to 
any  case  because  the  current  is  used  in  it,  and  this  current 
is  determined  from  a  knowledge  of  the  devices  to  be 
operated. 

Example  1. — A  dynamo  A,  Fig.  33,  delivers  current  at  110  volts  to 
fifty  lamps  distributed  about  a  as  a  center.  The  drop  must  not 
exceed  10  volts.     Find  the  size  of  wire  required. 

Solution. — The  distance  to  the  center  of  distribution  is  here  1,050 

feet,  as  already  explained.     The  current  will  be  25  amperes,  because 

each  lamp  will  take  i  ampere.     Using  formula  1, 

.       21.6X1,050X25       .^i  Tnn    •  i        a 

y^  = v^ ~  56,700  cir.  mils.    Ans. 

A  No.  3  B.  &  S.  wire  would  likely  be  used. 

Example  2. — A  dynamo  A,  Fig.  35,  supplies  current  through  the 
feeders  by  c  to  the  feeding-in  point  a.  From  this  point  lamps  are  sup- 
plied by  means  of  the  mains  d,  e  and  /,  g.  The  number  of  16-candle- 
power lamps  and  the  various  distances  are  shown  in  the  figure.  The 
total  drop  in  voltage  from  the  dynamo  to  the  last  lamp  must  not 
exceed  15  volts,  of  which  13  volts  is  to  be  in  the  feeders  and  2  volts  in 
the  mains;    required:   (a)  the  cross-section  and  gauge  number  of  the 
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feeders  b^  c;  {d)  the  cross-section  and  nearest  gauge  number  of 
the  mains  d,  e;  (c)  the  cross-section  and  nearest  gauge  number 
of    the   mains   f,  g. 

Solution. —    150  lamps  will  require  75  amperes 
50  lamps  will  require  25  amperes 
Total  current  100  amperes 
(a)     A  drop  of  13  volts  is  allowed  in  the  feeders  and  a  drop  of  2  volts 
in  the  mains.     No  current  is  taken  from  the  feeders  at  any  intermediate 


Fig.  35 

point;  hence,  the  distance  D  from  the  dynamo  to  the  center  of  distribu- 
tion a  will  be  taken  the  same  as  the  actual  distance,  i.  e.,  400  feet. 
Using  formula  1,  for  the  feeders, 

.       21.6X400X100        __.^,     .         ., 
A  = yi —  66,461  cir.  mils 

This  would  call  for  a  No.  2  B.  ^  S.  wire.    Ans. 

(b)     The  current  in  the  mains  </,  e  will  be  25  amperes.    The  distance 

from  a  to  the  center  of  distribution  will  be  200  -f  -4^  =  250  feet,  because 

the  lamps  are  spaced  evenly  along  the  last  100  feet.     The  drop  in  the 

mains  is  not  to  exceed  2  volts;  hence, 

.       21.6X250X25       ^^  ,™    .         .,        . 
A  ^ 2 •  =  67,500  cir.  mils.    Ans. 

This  also  wouM  call  for  a  No.  2  B.  &  S.  wire.  No.  2  B.  &  S.  wire  is 
a  little  smaller  than  the  cross-section  called  for,  but  it  would  probably 
be  used,  as  the  increased  drop  caused  by  doing  so  would  be  very  small. 

(r)     The  current  supplied  through  mains  /,  g  is  75  amperes.     Here 

the  load  is  uniformly  distributed  along  the  mains,  and  the  distance  to 

the  center  of  distribution  is  ^  =  65  feet.     The  drop  is  2  volts,  and 

.       21.6X65X75       _^  ^-^    .         ., 
^  =.  =  52,650  cir.  mils 

This  would  call  for  a  No.  3  B.  &  S.  wire.    Ans. 
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It  will  be  noticed  in  this  example  that  although  the 'mains  carry  a 
smaller  current  over  a  shorter  distance  than  the  feeders,  they  work  out 
about  the  same  size.  This  is  because  of  the  large  drop  allowed  in  the 
feeders  compared  with  that  in  the  mains. 

Example  3. — Fig.  36  shows  a  three-wire  distributing  system.  The 
dynamos  A^  B  supply  current  through  feeders  to  the  junction  box  J. 
Prom  this  point  mains  are  carried  to  the  buildings  where  light  is  to  be 
supplied.  The  conductors  marked  mains  are  sometimes  called  sub- 
feeders,  because  they  are  really  branches  of  the  main  feeder  and  no 
•branches  are  taken  off  between  the  junction  box  and  the  end  of  these 
lines.  The  total  drop  from  the  dynamo  to  the  lamps  is  not  to  exceed 
10  per  cent,  of  the  lamp  voltage,  and  the  pressure  at  the  lamps  is  to  be 


Pio.  86 

110  volts,  (a)  Calculate  the  size  of  the  feeders  C,  {b)  Calculate  the 
size  of  the  mains  D,  {c)  Calculate  the  size  of  the  mains  E,  The 
calculation  of  the  size  of  wires  required  for  the  house  wiring  will  not 
be  taken  up  here,  as  it  belongs  to  interior  wiring,  and  we  are  only  con- 
cerned for  the  present  with  the  outside  distributing  wires.  The  pres- 
sure at  the  dynamo  will  be  110  -f  (110  X  .1)  =  121  volts.  Of  the  total 
drop  of  10  per  cent.,  1.5  per  cent,  will  be  allowed  in  the  house  wiring, 
3.5  per  cent,  in  the  mains,  and  the  remaining  5  percent,  in  the  feeders, 
as  indicated  in  the  figure. 
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Solution. — In  calculating  the  size  of  the  conductors,  the  system 
may  be  considered  as  a  two- wire  system,  the  pressure  between  the  two 
outside  wires  at  the  lamps  being  2  X  110  =  220  volts  and  at  the  dynamo 
2  X  121  =  242  volts.  A  neutral  wire  one-half  the  size  of  the  outside 
wires  should  be  amply  sufficient.  The  total  current  supplied  may  be 
obtained  as  follows: 

{a)  Each  pair  of  lamps  on  a  220- volt  three- wire  system  requires 
i  ampere;  hence,  current  in  line  D  will  be  -^  =  25  amperes.  Current 
in  £  will  be  ^  =  100  amperes.  Total  current  in  the  feeders  C  will  be 
125  amperes.  The  total  drop  between  the  outside  wires  is  242  —  220 
=  22  volts.  The  drop  in  the  main  feeders  is  to  be  5  per  cent,  of  the 
lamp  voltage,  or  220  X  .05  =  11,  or  5.5  volts  on  each  side.  The  dis- 
tance to  the  center  of  distribution  is  700  feet;  hence, 

^       21.6  X  700  X  125       -_,  ^lo    •         -i        a 
A  =  :rz =  171,818  cir.  mils.    Ans. 

This  would  call  for  a  No.  000  B.  &  S.  wire  for  the  outside  wires  from  the 

dynamo  up  to  the  point  J,    The  neutral  wire  could  be  made  about  No.  1. 

'      {6)    The  drop  in  mains  DovE  will  be  220  X  .035  =  7.7  volts.    The 

area  of  mains  D  will  be 

.        21.6X500X25        ok  r^n    s  -1         A 

A  = =n= =  35,065  cir.  mils.    Ans. 

This  would  require  a  No.  5  wire,  and  a  No,  8  or  9  would  be  sufficient 

for  the  neutral. 

(c)    The  area  of  mains  E  will  be 

-       21.6X200X100       t.a'iiXA    '        -1  1        A 

A  =  _ — =  56,104  cir.  mils,  nearly.    Ans. 

A  No.  3  B.  &  S.  wire  would  probably  be  used  for  the  outside  wires  and 
a  No.  6  for  the  neutral.  

CALCTJI^TIONS    FOR    ALTERNATING-CURRENT    LINES 

41,  A  load  that  consists  wholly  of  lamps  possesses 
very  little  self-induction,  and  for  ordinary  lighting  systems, 
where  the  distances  are  short,  it  is  usual  to  make  the  calcu- 
lations for  lines  carrying  alternating  current  in  the  same 
way  as  was  described  for  the  direct-current  system.  This 
assumes  the  power  factor  to  be  1,  which  is  not  exactly  true. 
If  greater  accuracy  is  required,  formulas  taking  into  con- 
sideration the  power  factor  should  be  used.  After  the 
primary  current  has  been  determined  and  the  distance  to 
the  center  of  distribution  is  known,  the  size  of  the  primary 
line  wire  can  be  worked  out.  The  power  supplied  over  the 
line  must  be  slightly  greater  than  that  supplied  to  the 
lamps,  on  account  of  the  loss  in  the  transformers.    This  loss 
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will  depend,  of  course,  on  the  efficiency  of  the  transformer; 
some  of  the  older  styles  had  a  low  efficiency,  but  very  little 
power  is  wasted  in  transformers  of  modem  make.  Table  I 
gives  the  average  efficiency  at  full  load,  as  attained  by  good 
transformers. 

TABIiE  I 
EFFICIENCT    OF    TRANSFORMERS 


Output 

Efficiency 

Output 

Efficiency 

Watts 

Per  Cent. 

Watts 

Per  Cent. 

1,000 

94.8 

7,000 

96.80 

2,000 

95.7 

8,000 

96.85 

3,000 

96.2 

9,000 

96.90 

4,ooo 

96.4 

10,000 

96.95 

5»ooo 

96.6 

,15,000 

97.20 

6,000 

96.7 

42,     In   order   to   illustrate  the  calculation  of  primary 
mains,  consider  the  case  shown  in  Fig.  37. 
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Example. — Current  is  supplied  to  the  transformers  T  by  means  of 
the  primary  mains  A,  B.  The  pressure  at  the  lamps  is  to  be  104  volts 
and  one  thousand  16-candlepower  lamps  are  to  be  operated  from  the 
secondaries.     The  pressure  at  the  transformer  is  to  be  2,000  volts  at 
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full  load  and  the  drop  in  the  primary  mains  200  volts,  thus  making  \he 
voltage  at  the  alternator  2,200  volts  at  full  load.  The  loss  in  the  sec- 
ondary wiring  at  full  load  must  not  exceed  2  volts,  and  the  lamps 
require  3.5  watts  per  candlepower.  The  average  efficiency  of  the 
transformers  may  be  taken  at  96  per  cent.  Required  the  cross-section 
of  the  primary  wires,  assuming  the  power  factor  to  be  1. 

Solution.— Each  lamp  requires  16  X  3.5  =  56  watts,  and  one  thou- 
sand lamps  will  require  56,000  watts  in  the  secondary  circuit  at  the 
lamps.  The  total  secondary  current  will  be  mi^  amperes,  and  since 
there  is  a  drop  of  2  volts  in  the  secondary  wiring,  the  number  of  watts 
lost  will  be  *!8i^  X  2,  and  the  total  watts  delivered  by  the  secondary 
must  be  56.000  -f  *fJF  X  2  =  57,077,  nearly.    The  watts  delivered  to 

e*?  ftT7 

the  primaries  would  be  — ^^-  =  59,455,  and  since  the  primary  voltage 

of  the  transformers  is  2,000,  the  primary  current  will  be  VoW  =  29.73 
amperes,  nearly.  Having  determined  the  primary  current,  we  can 
now  calculate  the  size  of  the  line.  The  distance  in  this  case  is  2  mu, 
or  10,560  ft.,  and  the  drop  200  volts.  Using  formula  1  and  consider- 
ing the  problem  the  same  as  for  a  direct-current  circuit, 


A  = 


21.6  X  10,560  X  29.73 
200 


=s  33,906,  approximately.    Ans. 


This  would  call  for  a  No.  5  B.  &  S.  wire. 

43.  For  rough  calculations  of  the  primary  current  on 
1,000- volt  and  2,000- volt  primary  mains,  the  following  allow- 
ance per  lamp  may  be  used: 

TABIiE  n 
CURRENT    ALLOWANCE    PER    LAMP 


Candlepower  of 
Lamp 

I  ,ooo  Volts 
Primary  Pressure 
Current  per  Lamp 

2,000  Volts 
Primary  Pressure 
Current  per  Lamp 

lO 

i6 
32 
50 

.035 
.050 
.100 
.150 

.0175 
.0250 
.0500 
.0750 

For  example,  if  eight  hundred  16-candlepower  lamps  were 
operated  on  a  2,000-volt  circuit,  the  primary  current  would 
be  about  800  X  .025  =  20  amperes.  This,  of  course,  does 
not  give  the  current  exactly,  because   to  obtain   this   the 
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efficiency  of  the  4ransformers  and  the  lamps  should  be  known, 
but  it  affords  a  ready  means  of  getting  at  the  current  approxi- 
mately when  preliminary  calculations  are  being  made.  In 
many  cases,  the  more  refined  calculations  would  not  change 
the  size  of  the  wire  in  any  event,  because  the  wire  selected 
must  be  taken  as  one  of  the  standard  sizes,  and  this  in  most 
cases  is  not  the  same  as  the  calculated  size. 

44.  In  case  the  lamps  are  operated  on  two-phase  or 
three-phase  systems,  the  watts  to  be  supplied  by  the  alter- 
nator can  easily  be  obtained  when  the  watts  per  lamp  and 
the  efficiency  of  the  transformers  are  known.  After  the 
watts  have  been  determined,  the  formulas  given  in  con- 
nection with  the  subject  of  electric  transmission  may  be 
used  to  calculate  the  size  of  the  wire. 


TRANSFORMER  TESTING 

46,  In  an  ordinary  lighting  system,  current  is  supplied 
from  the  station  to  a  comparatively  large  ntunber  of  scattered 
transformers,  and  as  a  general  rule  the  greater  number  of 
these  are  loaded  for  a  few  hours  only.  At  the  same  time 
the  pressure  is  maintained  throughout  the  24  hours,  and 
while  the  loss  in  each  individual  transformer  may  be  small, 
yet  the  total  loss  on  the  system  may  be  quite  large.  Sup- 
pose that  the  all-day  efficiency  of  the  transformers  on  a 
given  system  is  90  per  cent.,  the  efficiency  of  the  primary 
transmission  lines  95  per  cent.,  and  the  efficiency  of  the 
secondary  lines  also  95  per  cent.;  the  total  efficiency  from  the 
station  switchboard  to  the  lamps  will  then  be  .90  X  .95  X  .95 
=  .812,  or  81.2  per  cent.  Assuming  that  the  customers  pay 
by  meter  and  that  all  their  meters  register  correctly,  for 
every  100  kilowatt-hours  delivered  from  the  station,  only  81.2 
kilowatt-hours  would  bring  in  returns  to  the  company.  In 
many  stations  the  percentage  returned  is  considerably  lower 
than  this,  on  account  of  slow-running  meters,  inefficient 
transformers,  or  other  causes. 

The  transformer  constitutes  an  important  element  in  the 
efficiency   of    an   alternating-current   lighting   system,   and 
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while  it  is  true  that  efficiency  is  not  the  only  point  to  be 
aimed  at,  there  is  no  doubt  that  many  systems  have  been 
greatly  improved  and  put  on  a  better  paying  basis  by  a  care- 
ful weeding  out  of  small  and  inefficient  transformers.  Of 
course  it  is  equally,  if  not  more,  desirable  that  the  trans- 
formers shall  be  reliable  in  operation,  because  immunity 
from  breakdowns  is  of  even  greater  importance  than  good 
efficiency.  New  transformers  of  reliable  make  will  usually 
be  satisfactory  as  regards  efficiency  and  insulation,  but  these 
qualities  may  not  be  permanent.  The  long-continued  heat- 
ing of  the  iron  core  may  appreciably  increase  the  hysteresis 
loss,  this  effect  being  known  as  aging.  Also,  the  heating 
may  affect  the  insulation.  In  order  to  determine  the  condi- 
tion of  a  transformer,  certain  tests  are  necessary;  a  few  of 
the  more  important  tests  as  recommended  by  the  General 
Electric  Company  are  here  described  briefly. 

46.  Insulation  Test. — ^The  insulation  of  a  transformer 
should  be  tested  at  three  points:  between  primary  coil  and 
core  or  case,  between  secondary  coil  and  core  or  case,  and 


Id  A/femath^C^rrarft  Afa/ns 


u  g  u  ^^\j 


PlO.88 


between  primary  and  secondary.  Measurements  of  insula- 
tion resistance  by  means  of  a  Wheatstone  bridge  are  of  no 
use  whatever  for  a  test  on  transformers.  Measurements  thus 
made  with  low-potential  direct  current  might  show  a  high 
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insulation  resistance,  and  the  insulation  might  yet  be  incapa- 
ble of  standing  even  the  normal  working  pressure.  Insula- 
tion tests  are  therefore  made  with  high-potential  alternating 
current. 

Fig.  38  shows  the  general  scheme  of  connections  for  a 
high-potential  test  as  applied  to  testing  the  insulation  of 
a  transformer.  The  high  pressure  is  usually  obtained  from 
a  special  high-potential  step-up  transformer,  though  if  this 
is  not  available,  a  number  of  ordinary  transformers  may  be 
used  with  their  fine-wire  coils  •  connected  in  series,  so  as  to 
give  the  high  pressure  desired.  The  main  switch  K  is  con- 
nected to  the  primary  coil  P  through  an  adjustable  resist- 
ance r  that  enables  the  high  pressure  generated  in  the 
secondary  5  to  be  regulated..  The  ends  7,  7  of  the  primary 
coil  of  the  transformer  under  test  are  connected  together  and 
to  one  end  of  5.  The  ends  x  of  the  secondary  coils  are  also 
connected  together,  grounded  on  the  case  at  a,  and  connected 
to  the  other  terminal  of  5.  It  is  important  that  the  various 
terminals  of  the  coils  be  connected  as  indicated;  otherwise, 
some  parts  of  the  winding  will  be  subjected  to  greater  strains 
than  others.  When  the  switch  K  is  thrown  in,  the  high 
E.  M.  F.  generated  in  S  tends  to  break  down  the  insulation 
between  the  primary  and  secondary  coils  of  71  The  applied 
pressure  should  be  at  least  three  times  the  primary  pressure  at 
which  the  transformer  is  designed  to  work;  i.  e.,  a  2,000- volt 
traiffeformer  should  stand  a  pressure  of  at  least  6,000  volts 
between  its  primary  and  secondary  coils. 

In  order  to  determine  the  applied  voltage,  a  spark  gap  9 
between  needle  points,  or  a  high-reading  electrostatic  volt- 
meter F,  may  be  used.  It  has  been  found  by  experiment 
that  the  voltage  required  to  jump  between  needle  points  in 
air  increases  almost  in  direct  proportion  to  the  length  of  the 
gap,  until  about  30,000  volts  is  reached;  30,000  volts  (alter- 
nating) will  jump  about  1 2  inches  in  air  between  bright  needle 
points;  15,000  volts  will  jump  about  f  inch;  10,000  volts,  \  inch; 
and  so  on.  A  curve  showing  the  relation  between  sparking 
distance  and  voltage  has  been  given  in  a  previous  Section. 
By  setting  the  points,    say,  \  inch  apart  and  then  raising 
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the  voltage,  by  cutting  out  r,  until  a  spark  jumps  across,  it 
is  known  that  the  pressure  applied  to  the  transformer  is 
about  10,000  volts.  If  needle  points  are  used,  they  should 
be  renewed  after  every  discharge;  otherwise,  they  become 
corroded  and  give  inaccurate  results. 

In  applying  high-potential  tests,  care  must  be  taken  not  to 
strain  and  injure  the  insulation  permanently.  It  is  all  well 
enough  to  apply  a  test  that  will  indicate  to  a  certainty  that 
the  insulation  will  be  capable  of  standing  the  strain  put  on 
it  in  service,  but  if  the  test  is  made  unnecessarily  severe, 
good  apparatus  may  be  permanently  injured.  High-potential 
tests  should  not,  therefore,  be  long  continued — a  few  seconds 
is  sufficient  to  show  whether  the  insulation  is  defective  or 
not;  a  longer  application  will  only  serve  to  injure  good  insu- 
lation. High-potential  tests  should  be  made  when  the  appa- 
ratus is  hot,  because  then  the  insulation  is  weaker  than  when, 
cold,  and  any  weak  spots  will  be  more  likely  to  show  them- 
selves; besides,  the  transformer  is  warm  when  used  under 
actual  operating  conditions. 

47.  Measurement  of  Core  Loss. — The  core  losses  of  a 
transformer  are  practically  constant  at  all  loads,  because  the 
magnetic  density  remains  nearly  constant.  The  core  losses 
determine  the  amount  of  power  that  the  transformer  takes 
from  the  line  when  the  secondary  is  not  loaded,  and  on 
lighting  systems  it  is  particularly  important  that  these 
losses  shall  not  be  excessive,  because  there  are  long 
intervals  when  the  transformers  are  not  loaded,  and  an 
excessive  core  loss  will  have  a  great  effect  on  the  all-day 
efficiency.  The  measurement  of  the  core  loss  is  most 
conveniently  made  by  applying  a  voltage  to  the  secondary 
circuit  and  leaving  the  primary  open.  This  allows  lower 
voltages  and  larger  currents  to  be  used  than  if  the  test  were 
made  on  the  primary.  If  the  primary  were  connected  to 
the  mains,  as  in  the  regular  operation  of  the  transformer, 
it  would  be  difficult  to  get  instruments  of  suitable  range. 
The  connections  are  shown  in  Fig.  39;  a  is  an  ammeter; 
b,  a  voltmeter;  and  c,  a  wattmeter.    An  adjustable  resistance  d 
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is  connected  in  series  with  the  secondary,  so  that  the  applied 
voltage  can  be  varied  as  desired.  Simultaneous  readings  of 
the  three  instruments  are  taken,  and,  in  addition,  the  speed 
of  the  alternator  should  be  recorded  so  that  the  frequency  of 
the  current  can  be  estimated.  When  the  voltage  across  the 
secondary  has  been  adjusted  to  the  normal  voltage  of 
the  secondary,  the  ammeter  indicates  the  exciting  current, 
which  is  usually  from  2  to   5  per  cent,  of   the   full-load 
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current,  and  is  the  same  percentage  no  matter  whether  the 
primary  or  secondary  is  considered.  In  this  test  the  exciting 
current  supplied  to  the  secondary  is  measured;  the  current 
that  the  primary  will  take  is  the  secondary  current  divided 
by  the  ratio  of  transformation.  The  wattmeter  c  indicates 
the  core  loss  in  watts,  and  the  ratio  of  the  wattmeter 
reading  to  the  product  of  the  voltmeter  and  ammeter  read- 
ings gives  the  power  factor  of  the  transformer  at  no  load. 

48,  Measurement  of  Primary  and  Secondary  Besist- 
ance. — In  order  to  estimate  the  PR  losses  in  a  transformer 
when  it  is  fully  loaded,  the  resistances  of  the  primary  and 
secondary  coils  must  be  known.     These  resistances  can  be 
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measured  by  means  of  a  Wheatstone  bridge,  but  it  is  usually 
more  convenient  and  accurate  to  use  the  drop-o£-potential 
method  if  instruments  of  suitable  range  are  at  hand.  This 
method  has  been  described  in  ponnecjipn  with  the  general 
subject  of  resistance  measurements,  and  consists  in  sending 
a  steady  current  of  known  value  through  the  coil  to  be 
measured  and  noting  the  drop  in  potential  indicated  by 
a  voltmeter  connected  to*  the  coil  terminals.  Knowing  the 
values  of  E  and  /,  tjie  resistance  R  at  once  follows  from 
Ohm*s  law. 

Fig.  40  shows  the  connections  for  meastuing  the  resistance 
of  a  transformer  primary.     The  current  can  be  varied  by 
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means  of  the  adjustable  resistance,  and  a  number  of  readings 
of  voltage  should  be  taken  for  different  values  of  the  current 
and  the  resistance  calculated  therefrom.  The  average  of 
these  results  should  then  be  taken. 

In  making  resistance  tests,  the  coil  should  be  at  a  uniform 
temperature  throughout.  The  best  way  to  make  sure  of  this 
is  tp  keep  the  transformer  in  a  room  of  uniform  temperature 
for  several  hours  before  the  test  is  made.  Also,  care  must 
be  taken  that  the  current  sent  through  the  coil  will  not  be 
sufficiently  great  to  raise  its  temperature  appreciably  during 
the  time  the  measurement  is  being  made. 
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All  resistance  measurements  should  be  reduced  to  a 
standard  room  temperature  of  25°  C*  (77°  F.)  in  order  that 
measurements  made  at  different  room  temperatures  may  be 
readily  compared.  The  resistance  R  at  25°  C.  may  be 
obtained  from  the  observed  resistance  R'  at  7^  by  means  of 
the  formula 

^'  =  ^  (1  +  .004  /) 
R' 


or 


where 


R  = 


1  +  .004  / 
/  =  r°  -  25 


(3) 
(4) 


W- 
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When  the  resistances  are  known,  the  copper  losses  in  pri- 
mary and  secondary  for  any  given  load  are  easily  calculated. 

49.  Measurement  of  Impedance  and  Copper 
liosses. — This  test,  Fig.  41,  not  only  enables  the  impedance 
of  the  transformer  to  be  calculated,  but  it  also  gives  a  fairly 

close  idea  as  to  the 
total  copper  losses. 
The  impedance  of  a 
transformer  varies 
but  little  with  the 
load,  and  it  repre- 
sents the  combined 
effect  of  the  resist- 
ance and  reactance  of 
the  primary  and  sec- 
ondary coils  in  pre- 
venting the  flow  of 
the  current.  The  ef- 
fect of  the  impedance 
is  usually  expressed 
by  stating  the  num- 
ber of  volts  that  must  be  impressed  on  the  primary  in  order 
to  set  up  full-load  current  in  both  coils,  the  secondary  being 
short-circuited.  Since  the  secondary  is  short-cirCuited,  it 
follows  that  the  applied  volts  are  expended  in  overcoming 
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the  impedance,  and  the  number  of  volts  that  must  be  applied 
to  set  up  full-load  current  with  short-circuited  secondary  is 
known  as  the  impedance  volts  of  the  transformer.  With  short- 
circuited  secondary  it  requires  but  a  small  applied  voltage 
(from  2  to  8  per  cent.)  to  set  up  full-load  current;  consequently, 
the  magnetic  density  in  the  core  is  very  low  and  the  core 
losses  are  almost  negligible.  If,  therefore,  a  wattmeter  be 
inserted,  as  shown  in  Fig.  41,  its  indication  may  be  taken  as 
practically  equal  to  the  full-load  copper  loss  of  the  trans- 
former. The  variable  resistance  is  adjusted  until  the 
ammeter  indicates  full-load  current  in  the  primary.  The 
number  of  volts  necessary  to  overcome  the  impedance  is 
indicated  by  the  voltmeter,  so  that  the  value  of  the  impe- 
dance V^'  +  {^TznLY  in  ohms  is  obtained  by  dividing  the 
voltage  by  the  current.  With  a  2,0(X)-volt  transformer, 
the  impedance  voltage  might  be  anywhere  from  40  to  160 
volts,  so  that  a  source  of  alternating  current  at  fairly  low 
pressure  is  needed  for  this  test. 

50.  lioad  Test. — Transformers  should  be  given  a  run 
under  full  load  in  order  to  note  the  heating  effect.  The 
simplest  way  is  to  load  the  secondary  with  a  bank  of  lamps 
or  some  other  convenient  form  of  resistance  and  adjust 
the  load  until  the  transformer  supplies  its  rated  secondary 
current.  The  temperature  of  various  parts,  such  as  core, 
case,  outside  of  coils,  etc.,  should  be  measured  by  means 
of  thermometers;  if  oil  is  used,  a  thermometer  should  be 
immersed  in  it.  The  test  should  be  continued  until  the  ther- 
mometers indicate  that  a  constant  temperature  has  been 
attained.  This  method  of  testing  is  quite  satisfactory  where 
there  is  plenty  of  power  available  or  where  the  transformers 
to  be  tested  are  small. 

A  method  of  making  a  heat  test  that  is  particularly  appli- 
cable where  a  number  of  transformers  of  the  same  voltage 
and  capacity  are  to  be  tested  is  shown  in  Fig.  42.  This  is 
sometimes  known  as  the  motor-generator  method^  because  it 
is  analogous  to  the  method  of  loading  two  generators  by 
coupling  the  machines  together  and  running  one  as  a  motor 
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and  the  other  as  a  generator.  It  is  possible  to  fully  load  two 
transformers  by  taking  from  an  outside  SQurce  only  sufl&cient 
power  to  supply  the  losses.  The  transformers  are  tested  in 
pairs;  the  secondaries  are  connected  in  parallel  and  are 
supplied  from  a  circuit  A  at  the  normal  voltage  and  frequency 
and  the  current  in  each  secondary  therefore  induces  normal 
voltage  in  each  primary.  The  primary  coils  are  connected 
in  series  in  such  a  way  that  their  voltages  oppose  each  other. 


-mmum^ 


Pio.42 


A  circuit  B  is  attached  to  the  primary  terminals,  and,  while 
there  is  full  voltage  in  each  primary  coil,  the  voltage  at  the 
terminals  of  circuit  B  is  zero  because  the  two  primaries  are 
opposed  to  each  other.  If,  now,  a  voltage  is  impressed  by 
circuit  B,  it  is  evident  that  current  will  be  set  up  in  the  coils 
independently  of  the  voltage  at  the  primary  and  secondary  ter- 
minals of  each  transformer.  Each  transformer  is  practically 
short-circuited  through  the  other,  and  twice  the  impedance 
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voltage  applied  by  circuit  B  will  cause  full-load  current 
to  flow  in  the  coils  of  both  transformers.  Each  transformer 
will  therefore  run  at  full  load,  although  the  energy  supplied 
from  the  outside  is  equal  to  the  losses  only.  Circuit  A 
supplies  the  exciting  current  and  core  loss;  circuit  B  supplies 
the  copper  losses.  Both  the  supply  circuits  may  be  from 
the  same  alternator,  or  two  independent  sources  may  be  used, 
provided  that  the  frequency  is  the  same  for  each.  If  both 
circuits  are  from  the  same  source,  transformers  will  be 
necessary  to  obtain  the  proper  voltages  at  A  and  B. 
Rheostats  should  be  inserted  at  e  and  /,  so  that  the  voltages 
applied  to  the  primary  and  secondary  may  be  adjusted  until 
ammeter  g  indicates  full-load  current  in  the  primaries. 

51.  Regralatlon. — One  of  the  most  important  features 
to  be  considered  in  the  selection  of  transformers  for  lighting 
work  is  the  refirolation.  If  the  voltage  drops  excessively 
with  increase  of  load,  or  on  the  other  hand,  rises  by  a  like 
amount  when  the  load  is  thrown  off,  the  service  will  not 
only  be  poor,  but  the  life  of  the  lamps  may  be  materially 
shortened.  The  regulation  of  a  transformer  may  be  defined 
as  the  ratio  of  the  rise  of  secondary-terminal  voltage  from 
full  load  to  no  load,  to  the  secondary-terminal  voltage  at  full 
load.  The  regulation  can  be  tested  by  connecting  the  trans- 
former to  a  full  load  of  lamps  and  then  gradually  removing 
the  load,  at  the  same  time  seeing  that  the  primary  volt- 
age and  frequency  are  maintained  constant.  It  is  usually 
expressed  as  a  percentage  of  the  full-load  secondary  voltage. 
The  regulation  varies  with  the  nature  of  the  load;  with  a 
given  transformer  the  change  in  voltage  will  be  greater  for 
an  inductive  load  than  for  a  non-inductive.  The  regulation 
is  therefore  always  given  for  non-inductive  load  unless 
otherwise  stated.  For  well-designed  transformers  the  regu- 
lation may  be  from  2.5  per  cent,  for  small  transformers 
to  1.25  per  cent,  or  slightly  lower  for  large  ones.  If  the 
design  of  a  transformer  is  such  that  there  is  considerable 
magnetic  leakage  between  the  primary  and  secondary  coils, 
the  regulation  will  be  poor. 

46B— 14 
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STORAGE  BATTERIES  IN  UGHTING  STATIONS 

52.  Storagre  batteries  are  much  used  in  connection 
with  both  two-wire  and  three-wire  direct-current  distributing 
systems,  being  placed  either  in  the  station  or  near  a  center 
of  distribution.  When  used  in  substations,  they  help  to 
maintain  a  uniform  voltage  at  the  lamps,  and  also  relieve 
the  feeders  during  intervals  of  heavy  load.  In  isolated 
plants,  where  a  load  of  lights  and  a  fluctuating  motor  load 
has  to  be  supplied  from  the  same  dynamo,  a  storage  battery 
in  Qonjunction  with  a  constant-current  booster  can  be  used 
to  advantage  to  maintain  a  uniform  load  on  the  generating 
equipment,  and  a  constant  voltage  at  the  lamps  regardless 
of  the  fluctuating  current  supplied  to  the  motors.  Batteries 
may  also  be  used  in  connection  with  three-wire  systems  to 
compensate  for  unbalancing,  but  as  a  general  rule  it  is  not 
advisable  to  use  them  in  this  way  on  account  of  the  cells 
becoming  unevenly  discharged.  Where  a  three-wire  system 
is  to  be  operated  from  a  single  dynamo,  it  is  better  to  use  a 
motor-generator  balancing  set  to  provide  for  inequalities  in 
load  on  the  two  sides  of  the  system.  The  various  methods 
of  operating  storage  batteries  and  the  connections  for  bat- 
tery boosters  have  been  explained  in  a  previous  Section,  so 
that  further  explanation  is  here  unnecessary. 
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(PART  1) 


THE  ABO 


OPEN  ABCS 

!•  General  Features. — If  two  carbon  rods  attached  to 
the  terminals  of  a  dynamo,  as  shown  in  Fig.  1,  are  first 
touched  tog:ether  and  then  drawn  apart  a  short  distance,  say 
about  i  inch,  current  will  flow  between  the  points,  the  car- 
bons will  become  heated  to  an  exceedingly  high  tempera- 
ture, and  an  electric  arc  will  be  formed  between  the 
carbon  points.  The  arc 
is  so  called  because  the 
electric  flame  between  the 
electrodes  does  not  pass 
straight  across  but  is  more 
or  less  bow -shaped.  An 
arc  can  be  formed  between 
any  pair  of  conducting 
terminals — for  example, 
between  two  copper  or 
iron  rods — but  in  this  case  ^®-  ^ 

the  metals  are  rapidly  malted  away.  In  practice,  therefore, 
the  choice  of  electrode  materials  is  limited.  In  nearly  every 
case  the  electrodes  are  in  the  form  of  carbon  rods,  though 
many  experiments  have  been  made  with  other  substances 
and  it  is  possible  that  some  of  these  may  yet  prove  successful. 
For  example,  in  the  so-called  magnetite  arc  lamp  one  elec- 
trode is  made  of  magnetic  oxide  of  iron  and  the  other  of 

Pdr  notice  of  Of^yriMhi,  see  page  immediaUly  MUmtng  the  title  page 
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copper.  In  some  forms  of  arc  lamp  for  locomotive  head- 
lights, an  upper  positive  carbon  with  a  lower  negative  elec- 
trode of  copper  has  been  used,  but  we  will  confine  our 
attention  for  the  present  to  the  ordinary  type  of  lamp  with 
both  electrodes  of  carbon. 

After  the  carbons  have  been  separated  for  a  time,  they 
appear  as  shown  in  Fig.  2.  This  represents  an  open  arc,  or 
an  arc  formed  in  the  open  air  as  distinguished  from  one  that 
is  formed  in  a  confined  space  where  very  little  oxygen  is 

present.  The  flame,  or  arc,  con- 
sists of  incandescent  carbon  vapor 
that  conducts  the  current  across 
from  point  to  point.  The  vapor 
acts  in  the  same  way  as  a  wire 
carrying  a  current,  and  if  a  magnet 
is  brought  near,  the  arc  will  be 
forced  to  one  side.  If  the  magnet 
is  strong  enough,  the  arc  will  be 
stretched  out  until  it  is  broken. 
Also,  the  arc  itself,  under  ordinary 
working  conditions,  will  be  sur- 
rounded by  a  magnetic  field,  and  it 
is,  no  doubt,  this  field  that  causes 
the  arc  to  assume  the  bow  shape. 
The  flame  keeps  shifting  around  the 
points  as  the  carbons  bum  away. 

2.     Direction   of   Current. 

®*^  The  shape  of   the  carbon   points 

depends  on  the  direction  in  which  the  current  flows.  In 
Fig.  2,  the  top  carbon  is  positive  and  the  current  flows 
from  the  top  to  the  bottom,  as  is  nearly  always  the  case 
with  direct-current  lamps.  Fig.  3  shows  a  section  of  the 
carbons;  it  will  be  noticed  that  the  upper,  or  positive,  one 
becomes  hollowed  out  slightly,  as  shown  at  a,  while  the 
lower  one  becomes  pointed.  The  hollow  a  is  called  the  craier, 
and  is  the  seat  of  the  greater  part  of  the  light  given  out  by 
the  arc.     The  carbon  becomes  volatilized  at  the  crater,  and 
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the  vapor  conducts  the  current  from  one  carbon  to  the  other. 
Although  the  temperature  of  the  negative  carbon  is  high,  it 
is  not  nearly  so  high  as  that  of  the  vapor,  and  hence  the 
latter  is  condensed  on  the  negative  tip,  form- 
ing the  point,  or  else  is  thrown  off.     Only  a 
portion  of  the  vapor  is  so  condensed;  part  of 
it  combines  with  the  oxygen  of  the  surround- 
ing air  and  the  burning  carbon  monoxide 
may  be  seen  surrounding  the  arc  as  an  envel- 
ope of  bluish  flame,  similar  to  that  which 
appears  over  the  coal  in  an  ordinary  coal 
stove.    With  direct  current,  the  positive  car-  « 
bon  wastes  away  approximately  twice  as  fast 
as  the  negative,  as  it  is  maintained  at  a  much 
higher   temperature.      In   the   ordinary  arc 
lamp  using  carbon  electrodes,  the  greater 
part  of  the  light  is  given  off  from  the  incan- 
descent carbon  points;    the  arc  itself  gives 
comparatively  little  light.     In  some  of  the  lamps  recently 
brought  out,  for  example  the  magnetite  lamp,  the  light  is 
given  off  almost  wholly  from  the   arc   and  comparatively 
little  is  emitted  from  the  electrodes. 

3.  Temperature  of  the  Arc. — The  temperature  of  the 
electric  arc  is  the  highest  that  has  yet  been  produced.  The 
exact  temperature  is  difficult  to  determine,  but  it  is  estimated 
to  be  about  3,500°  C.  The  carbon  in  the  crater  is  vaporized; 
hence,  the  temperature  attained  must  be  that  of  the  boiling 
point  of  carbon.  Some  idea  as  to  what  this  means  may  be 
obtained  when  it  is  known  that  a  temperature  between  1,700° 
and  1,800°  C.  is  sufficient  to  melt  platinum,  the  most  difficult 
of  all  metals  to  fuse.  This  high  temperature  is  utilized  in 
electric  furnaces.  An  increase  in  the  current  does  not 
increase  the  temperature,  but  it  does  increase  the  size  of  the 
crater  and  hence  the  total  amount  of  light  given  out.  If 
very  powerful  lamps  are  required,  large  carbons  and  heavy 
currents  are  used  to  get  a  large  crater  as,  for  example, 
in  lamps  used  for  searchlights.     For  ordinary  commercial 
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street  lighting,  the  carbons  are  usually  i  to  f  inch  in  diam- 
eter, though  sometimes  larger  carbons  are  used  to  make  the 
lamps  burn  longer. 

4.  Voltage  of  the  Arc, — If  the  voltage  across  the 
terminals  of  an  ordinary  open-arc  lamp  is  measured,  it  will 
be  found  that  it  usually  lies  between  40  and  50  volts,  depend- 
ing on  the  length  of  the  arc;  45  volts  may  be  taken  as  a  fair 
average.  This  total  voltage  may  be  considered  as  made  up 
of  three  parts;  (a)  That  necessary  to  overcome  the  resist- 
ance of  the  carbons  and  the  parts  of  the  lamp  mechanism 
through  which  the  current  has  to  flow;  (d)  that  necessary  to 
overcome  the  resistance  of  the  carbon  vapor  between  the 
electrodes;  (c)  that  which  multiplied  by  the  current  repre- 
sents the  energy  necessary  to  volatilize  the  carbon. 

The  E.  M.  F.  necessary  to  overcome  the  resistance  of  the 
carbons  and  lamp  mechanism  is  not  very  large;  in  most 
lamps  it  will  not  be  more  than  5  or  6  volts,  of  which  3  to 
3.5  volts  may  represent  the  drop  in  the  carbons  while  the 
balance  is  in  the  mechanism  and  various  contact  resistances. 
The  E.  M.  F.  necessary  to  overcome  the  resistance  of  the 
arc  proper  is  also  small,  but  depends  to  a  certain  extent  on 
the  length  of  the  arc.  In  most  cases  it  will  not  be  more 
than  5  or  6  volts.  Since  the  voltage  across  the  lamp  is,  say, 
45  volts  and  the  combined  drop  due  to  the  resistance  of  the 
carbons,  lamp  mechanism,  and  arc  proper  is  approximately 
10  volts,  it  follows  that  the  balance  (about  35  volts)  multi- 
plied by  the  current  represents  the  number  of  watts  expended 
in  bringing  the  carbon  up  to  the  boiling  point  and  causing  it 
to  volatilize.  This  voltage  is  often  spoken  of  as  the  counter 
E.  M.  F.  of  the  arc,  but  this  term  is  not  so  commonly  used 
as  it  once  was.  Quite  a  large  amount  of  energy  must  be 
expended  to  bring  the  carbon  up  to  the  boiling  point,  and  it 
is  now  generally  admitted  that  the  large  balance  of  voltage 
required  over  and  above  that  necessary  to  overcome  the 
various  resistances  is  a  consequence  of  the  power  necessary 
to  volatilize  the  carbon.  The  above  values  of  the  voltage 
are  fair  average  values  for  open-arc  lamps  operated  with 
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direct  current,  but  they  may  vary  somewhat  with  diflferent 
makes  of  lamp.  The  actual  voltage  across  the  arc  is  con- 
tinually varying  when  the  lamp  is  in  operation,  but  in  a  well- 
adjusted  lamp  it  should  not  vary  through  wide  limits. 

5.  Current. — Ordinary  direct-current,  open-arc  lamps 
are  usually  operated  with  current  ranging  from  6  to 
10  amperes.  Very  common  values  for  the  current  are 
6.6  amperes  for  lamps  giving  1,200  nominal  candlepower 
and  9.6  amperes  for  those  giving  2,000  nominal  candle- 
power.  The  exact  value  of  the  current  is  different  in  lamps 
of  various  makes,  but  whatever  it  may  be,  it  is  essential 
that  it  be  maintained  at  a  constant  value  if  the  lamps  are  to 
work  properly.  If  the  current  becomes  larger  than  that  for 
which  the  lamps  are  designed,  they  will  overheat,  the 
carbons  will  flame  badly,  and  the  service  will  be  generally 
unsatisfactory.  Open-arc  lamps  may  also  be  operated  with 
alternating  current,  but  they  are  not  so  satisfactory  as  those 
using  direct  current  either  as  regards  light-giving  properties 
or  general  performance.  In  the  case  of  the  alternating- 
current  open  arc,  l^th  carbons  become  pointed  or  have  very 
small  craters,  so  that  the  light  is  thrown  upwards  much 
more  than  with  the  direct-current  lamp.  Also,  since  the 
current  flows  alternately  in  opposite  directions,  the  rate  of 
consumption  of  the  two  carbons  is  more  nearly  equal. 


ENCIiOSED  ARCS 
6.  General  Description. — Within  a  comparatively 
recent  date  enclosed  arcs  have  superseded  open  arcs  in  prac- 
tically all  new  work,  and  in  many  old  installations  the  open 
arcs  have  been  replaced  by  the  enclosed  type.  The  enclosed 
arc  differs  from  the  open  arc  in  that  it  is  surrounded  by  a 
small  globe  that  practically  excludes  the  air.  Fig.  4  shows 
one  arrangement  of  carbons  and  enclosing  globe;  g  is  the 
globe,  which  is  from  5  to  6  inches  long  and  about  3  inches 
in  diameter.  Some  inner  globes  have  their  lower  end 
closed,  the  bottom  carbon  being  placed  in  a  holder  suspended 
from  the  cap  that  covers  the  globe.    The  more  common 
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arrangement,  however,  is  to  have  the  globe  open  at  both 
top  and  bottom  with  the  lower  carbon  holder  supported  from 
below.  The  top  and  bottom  edges  of  the  globe  are  ground 
true  so  as  to  make  a  tight  joint. 

In  Fig.  4,  the  globe  is  held  between  a  circular  spring 

and  a  thick  asbestos 
washer,  which  allow 
a  certain  freedom  of 
movement  under  ex- 
pansion and  contrac- 
tion and  thus  avoid 
breakage.  The  lower 
carbon  b  is  clamped 
by  means  of  screw  c 
and  the  whole  lower 
globe  can  be  easily 
removed  from  the 
lamp  by  loosening 
screws  d,  d.  The  top 
of  the  globe  is  cov- 
ered by  the  gas  cap  e, 
which  consists  of  an 
iron  casting  faced  off 
smooth  so  as  to  form 
a  close  fit  with  the 
top  edge  of  the  globe. 
jT  The  cap  is  not  fast- 
'ened  to  the  globe  in 
i  any  way,  but  is  free 
to  move  about  a  little 
and  thus  adjust  itself 
to  any  slight  eccen- 
tricity of  the  upper 
^'°*  carbon.     The   hole 

through  which  the  carbon  slides  is  slightly  larger  than  the 
carbon  in  order  to  allow  the  latter  to  slide  freely.  Since 
the  top  of  the  glass  and  the  lower  surface  of  the  plate  are 
ground  plane,  little  air  can  get  in  between  them,  and  the  only 
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place  where  much  air  can  enter  the  bulb  is  at  the  hole  in  the 
center  of  the  top  plate,  through  the  small  space  between 
the  carbon  and  the  plate  itself.  In  the  plate  shown,  there  is 
an  annular  groove  around  the  carbon  where  it  passes  through 
the  cap.  This  leaves  less  surface  for  the  carbon  to  rub  against 
and  affords  a  space  in  which  eddies  are  formed  by  the  hot  air 
passing  up,  thus  further  tending  to  keep  out  the  cold  air.  The 
rate  at  which  the  carbons  are  consumed  depends  considerably 
on  the  construction  or  condition  of  the  gas  cap.  If  the  cap 
allows  much  air  to  enter,  the  consumption  will  be  rapid. 

Fig.  5  shows  a  style  of  cap  used  by  the  General  Electric 
Company;  it  consists  of  two  parts — a  cover  a  and  a  lower 
casting  b.  In  the  casting  is  a  spiral  groove  c  that  connects 
with  the  inner  part  of  the  globe  by  means  of  holes  d  and 
with  the  outer  air  by  the  opening  e  at  the  side.    After  the 


lamp  has  been  in  operation  for  a  short  time,  the  spiral  recess 
becomes  filled  with  gases  similar  to  those  in  the  globe  and  a 
movement  of  the  carbons,  instead  of  drawing  in  fresh  air, 
draws  in  a  mixture  similar  to  that  already  in  the  globe. 
Also,  a  slight  decrease  in  the  temperature  of  the  arc  results 
in  a  contraction  of  the  atmosphere  in  the  globe;  with  a  plain 
cap,  fresh  air  would  be  drawn  in,  but  the  spiral  duct  acts  as  a 
gas  reservoir  and  tends  to  keep  the  atmosphere  in  the  globe 
more  uniform,  thus  resulting  in  a  longer  life  for  the  carbons. 
The  arrangement  of  gas  cap  and  methods  of  mounting 
the  enclosing  globe  vary  considerably  with  different  makes 
of  lamp. 

As  soon  as  the  carbons  of  an  enclosed-arc  lamp  are  drawn 
apart  an  arc  is  formed,  as  in  the  open  lamp,  but  the  oxygen 
in  the  globe  is  soon  burned  out  and  the  gases  present 
become  rarefied,  because  the  heat  of  the  arc  causes  them  to 
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expand  and  pass  out.  The  globe  is  not  air-tight,  so  that 
there  is  always  a  small  amount  of  oxygen  present,  but  not 
enough,  however,  to  cause  the  rapid  combustion  that  takes 
place  in  the  open  arc.  The  arc  practically  bums  in  a  hot 
atmosphere  of  nitrogen,  carbon  monoxide,  carbon  dioxide, 
and  a  small  amount  of  oxygen.  The  oxygen  present  is  just 
about  sufficient  to  combine  with  what  carbon  is  thrown  off 
and  prevent  its  being  deposited  on  the  glass.  If  a  lamp  is 
in  good  condition,  it  will  bum  from  80  to  150  hours,  depend- 
ing on  the  design,  without  renewing  the  carbons.  The 
bulb  in  time  becomes  coated  with  a  light-colored  deposit, 
sometimes  mixed  with  a  little  carbon,  which  comes  princi- 
pally from  impurities  such  as  silicon;  this  deposit  does  not 
cut  off  the  light  to  any  great  extent  if  it  is  not  allowed  to 
become  too  thick.  If  the  current  is  excessive  the  globes  will 
become  blackened  or  even  melted.  It  is  not  usually  advisable 
to  burn  these  lamps  more  than  120  hours,  as  the  deposit 
becomes  so  thick  as  to  cut  off  a  considerable  amount  of  light. 

7.  Consumption  of  Carbons. — One  of  the  most  stri- 
king features  of  the  enclosed-arc  lamp  is  the  slow  con- 
sumption of  the  carbons;  this  is,  of  course,  due  to  the 
absence  of  oxygen  in  the  enclosing  chamber.  With  the  ordi- 
nary open  arc,  the  positive  carbon  is  burned  at  the  rate  of 
about  li  inches  per  hour,  but  in  an  enclosed-arc  lamp  the 
consumption  varies  from  .05  to  .08  inch  per  hour.  Enclosed- 
arc  lamps  may,  therefore,  be  made  to  bum  a  long  time  with- 
out trimming;  some  have  even  been  made  to  burn  as  long  as 
200  hours.  This  is  one  of  the  features  that  has  led  to  the 
extensive  introduction  of  this  type  of  lamp.  As  in  the  open 
arc,  the  negative  carbon  of  the  direct-current  enclosed  arc 
bums  about  half  as  fast  as  the  positive  carbon;  with  alter- 
nating current,  the  consumption  is  more  nearly  equal. 

The  rate  at  which  the  carbons  are  consumed  and  the 
sensitiveness  of  the  arc  to  slight  changes  in  current  or  volt- 
age depend  very  largely  on  the  amount  of  air  present  in  the 
enclosing  globe.  If  the  voltage,  current,  or  frequency  on  a 
line  is  not  steady,  it  is  often  better  to  work  with  a  less 
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sensitive  arc  even  if  the  life  of  the  carbons  is  reduced  some- 
what. A  gas  cap  that  grives  gfood  results  on  one  system  may 
not  work  so  well  on  another,  but  a  few  trials  will  indicate 
the  best  style  of  gas  cap  to  use. 

8.  Voltage  and  Current. — If  the  carbons  of  an  open 
arc  are  pulled  apart  a  distance  more  than  sufficient  to  give 
from  40  to  45  volts  across  the  arc,  they  will  flame  badly. 
On  the  other  hand,  the  enclosed-arc  lamp  is  operated  with  a 
long  arc  (about  I  inch  for  a  voltage  of  70  to  80  across  the 
arc)  and  it  bums  steadily  without  flaming.  If  a  short  arc 
is  used  in  the  enclosed  arc,  it  is  found  that  soot  or  carbon  is 
deposited  to  such  an  extent  that  the  lamp  becomes  useless; 
long  arcs  are  therefore  essential  in  these  lamps.  This  allows 
them  to  be  operated  at  a  high  voltage,  and  the  best  results 
are  usually  obtained  with  70  to  80  volts  across  the  arc. 
They  usually  operate  with  a  smaller  current  than  the  open- 
arc  lamps,  some  of  them  taking  as  low  as  2j  to  3  amperes. 
Enclosed-arc  lamps  have  also  been  built  to  operate  on  220- 
volt  circuits.    These  bum  with  a  very  long 

arc  and  are  not  quite  as  efficient  as  the 
ordinary  110-volt  lamps,  to  which  the  above 
figures  refer.  A  220-volt  lamp  will  take 
from  140  to  145  volts  across  the  arc. 

9.  character    of    Enclosed    Arc. 

Fig.  6  gives  a  general  idea  of  the  appear- 
ance of  a  direct-current  enclosed  arc;  this 
figure  should  be  compared  with  Fig.  2. 
In  the  enclosed  arc,  the  carbons  are  sepa- 
rated by  a  wide  gap,  but  the  principal  dif- 
ference is  that  they  do  not  take  on  th^  ^®-* 
pointed  shape;  the  ends  of  the  carbons  remain  nearly  flat 
and  the  arc  keeps  continually  shifting  around  over  the  ends. 
The  flat  shape  of  the  ends  is,  no  doubt,  due  largely  to  this 
tendency  of  the  arc  to  shift  around.     The  light  given  out 
is  soft  and  tinged  with  violet  rays,  having  much  less  of  the 
dazzling  appearance  so  well  known  in  connection  with  the 
open  arc.     In  the  alternating-current  enclosed  arc,  the  lower 
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and  upper  carbons  are  of  about  the  same  temperature  and 
the  light  is  thrown  up  more  than  with  the  direct-current  arc. 
The  carbons  have,  however,  the  flat-ended  appearance  and  the 
arc  shifts  around  even  more  than  the  direct-current  enclosed 
arc.  In  open  arcs,  the  carbons  are  close  together  and  a 
shifting  of  the  arc  from  one  side  to  the  other  causes  very 
pronounced  changes  in  the  intensity  of  the  light.  In  the 
enclosed-arc  lamp,  the  shifting  of  the  arc  also  causes  changes 
in  the  illumination,  but  not  to  nearly  so  great  an  extent  as  in 
the  open  arc.  The  arc  is  so  much  longer  that  the  carbons  do 
not  obstruct  the  light  nearly  so  much  when  the  arc  shifts  to 
one  side  or  the  other;  the  illumination  is  therefore  more 
steady  and  uniform  than  that  from  an  open  arc. 

10.  Open  Versus  Enclosed  Arcs. — The  enclosed-arc 
lamp  has  proved  superior  to  the  open  arc  because  of  the 
following  advantages:  {a)  It  gives  a  softer,  steadier,  and 
more  uniformly  distributed  light;  (d)  it  bums  very  much 
longer  without  retrimming,  thus  effecting  a  saving  in  the 
cost  of  carbons  and  in  the  cost  of  labor  for  trimming; 
(c)  it  operates  with  a  higher  arc  voltage  and  smaller 
current,  thus  making  it  more  suitable  for  parallel  operation 
on  ordinary  constant-potential  lighting  circuits;  (d)  for 
interior  illumination,  it  involves  less  fire-risk  when  two 
globes  are  used — the  inner  enclosing  globe  and  the  ordi- 
nary outer  globe.  Against  these  advantages  must  be 
placed  the  extra  cost  of  the  enclosing  globes,  breakage  of 
globes,  and  cost  of  keeping  inner  globes  clean.  Enclosed- 
arc  lamps  require  a  higher  grade  of  carbon  than  open  arcs, 
but  allowing  for  this  there  is  a  saving  of  $8  to  $10  per 
lamp  per  year  over  the  cost  of  operating  the  old-style, 
open-arc  lamps.  The  open  arc  was  never  much  of  a  success 
with  alternating  current;  it  produced  a  loud  hum  and  was 
very  unsteady.  With  the  enclosed  arc,  quite  satisfactory 
results  can  be  obtained  with  alternating  current,  so  much 
so,  in  fact,  that  alternating  current  is  supplanting  direct 
current  for  arc  lighting,  particularly  for  street  lighting  or  in 
places  where  the  lamps  are  much  scattered.    The  mechanism 
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has  been  desi^^ned  so  that  little  noise  is  possible,  and  the 
enclosing  of  the  arc  prevents  the  humming  of  the  arc  itself 
from  being  loud  enough  to  be  objectional.  However,  while 
the  alternating-current,  enclosed  arc  lamp  is  much  superior  to 
the  alternating-current,  open-arc  lamp,  it  can  hardly  be  said 
that  it  is  capable  of  giving  quite  as  good  all-around  service 
as  the  direct-current,  enclosed-arc  lamp. 


ARC-IilGHT    CARBONS 

!!•  Arrangrement  of  Carbons. — In  nearly  all  the 
lamps  used  for  ordinary  purposes,  the  carbons  are 
arranged  vertically,  one  above  the  other,  as  shown  in 
Fig.  2.  When  so  arranged,  the  top  carbon  should  always 
be  the  positive  one  when  direct  current  is  used,  otherwise 
the  crater  will  be  formed  in  the  bottom  carbon  and  most 
of  the  light  will  be  thrown  up  instead  of  down.  When 
lamps  are  first  connected  up,  they  should  be  allowed  to 
bum  for  a  short  time;  if  the  crater  makes  its  appearance 
in  the  bottom  carbon, 
the  connections  to  the 
lamp  terminals  should 
be  reversed.  Of  course, 
with  alternating  current 
it  makes  no  difference 
how  the  lamp  is  con- 
nected in  circuit,  as  the 
current  is  continually 
reversing  and  both  car- 
bons bum  alike.  It  is  an  easy  matter  to  tell  when  a  direct- 
current  lamp  is  correctly  connected.  Allow  the  lamp  to  bum 
for  a  short  time,  then  switch  it  off  and  see  which  carbon 
remains  bright  the  longer.  The  positive  carbon  is  much 
hotter  than  the  negative,  hence  the  negative  carbon  is  the 
one  that  becomes  dull  first. 

For  use  in  stereopticons  and  other  projection  apparatus, 
the  carbons  are  often  inclined  at  an  angle,  as  shown  in 
Fig.  7.     This  allows  more  of  the  light  from  the  crater  to 
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reach  the  lenses.  In  searchlights,  a  similar  arrangement  is 
used,  only  the  carbons  are  often  slanted  the  other  way  and 
the  light  is  reflected  from  a  parabolic  reflector  or  Mangin  mir- 
ror, as  shown  in  Fig.  8, 
which  shows  the  arc 
placed  at  the  focus  of 
a  parabolic  reflector  M, 
The  rays  of  light  on 
striking  the  mirror  are 
reflected  out  parallel  to 
each  other,  and  as  they 
are  thus  kept  bunched 
together  the  light  may 
be  made  to  penetrate 
long  distances.  A  small  concave  reflector  r  is  usually  placed 
to  throw  the  rays  of  the  arc  that  would  ordinarily  pass  out- 
wards, back  toward  the  main  reflector. 

A  parabolic,  ground-glass,  silvered  mirror  is  used  in  the 
United  States  Navy,  but  for  ordinary  commercial  work  the 
Mangin  mirror  is  used,  as  it  is  cheaper  and  easier  to  make. 
It  is  a  glass  mirror  having 
two  spherical  surfaces  A^  B 
of  different  radii,  as  shown  in 
Fig.  9.  The  back  surface  A 
is  silvered  and  the  rays  are  re- 
flected from  it.  As  the  glass 
is  thicker  near  the  edges  than 
in  the  middle,  the  rays  are 
there  bent  or  refracted  more 
than  they  are  at  the  center, 
and  by  making  the  mirror  of 

the  proper  dimensions  it  can  be  made  to  reflect  the  rays  in  a 
horizontal  direction  and  give  practically  the  same  effect  as 
the  parabolic  mirror. 

Fig.  10  shows  another  arrangement  of  carbons  used  in 
searchlights.  In  this  case  the  positive  carbon  is  larger  than 
the  negative,  and  both  carbons  are  arranged  horizontally. 
The  crater,  therefore,  points  directly  at  the  mirror.     This  is 
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the  arrangement  now  most  extensively  used  in  America 

both  for  naval  and  commercial  work. 
In  all  cases  where  arc  lamps  are  used  in  connection  with 

mirrors  or  lenses  for  projection  work,  it  is  essential  that  the 

arc  be  kept  in  the  focus  of 

the  mirror  or  lens.     The 

lamps  must  therefore   be 

arranged  to  move  the  car- 
bons toward  each  other,  as 

they  are  consumed,  in  such 

a  way  that  the  position  of 

the  arc  will  not  be  changed; 

a  lamp  that  does  this  is 

known  as  a  focusing  lamp.     For  ordinary  lighting,  it  is  not 

essential  that  the  arc  be  kept  in  one  place,  so  the  lower 

carbon  is  nearly  always  fixed  and  the  arc  maintained  by 

allowing  the  upper  one  to  move  downwards  as  the  carbon 

is  consumed. 
Fig.  11  shows  a  rather  peculiar  arrangement  that  is  used 

for  stereopticon  lamps.    Here  the  carbons  are  arranged  at 

right  angles  to  each 
other.  The  lamp  mecha- 
nism moves  ^  in  a  hori- 
zontal direction  and  C 
upwards  as  they  burn 
away,  so  that  the  arc  is 
always  maintained  in 

the  same  position  at  a.     The  position  of  C  keeps  it  from 

interfering  with  the  lens  /,  and  allows  the  greater  part  of  the 

crater  in  the  end  of  -ff  to  be  exposed. 

12.  Composition  of  Carbons. — Carbons  used  for  ordi- 
nary open-arc  lamps  in  America  are  composed  principally  of 
petroleum  coke.  This  is  made  from  the  residue  left  from 
the  distillation  of  petroleum.  It  is  ground  up  and  mixed 
with  a  binding  material,  such  as  tar,  or  a  similar  substance, 
and  is  then  molded  into  rods.  Sometimes  the  rods  are  made 
m  molds  under  a  heavy  pressure,  but  more  frequently  they 
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are  made  by  forcing  the  material  through  dies.  The  rods 
are  then  gradually  dried  and  afterwards  baked  or  fired  at  a 
high  temperature.  Gas-retort  carbon  has  also  been  used  for 
the  manufacture  of  arc-light  carbons,  the  exact  composition 
used  varying  with  different  makers. 

For  enclosed-arc  lamps,  a  very  much  finer  quality  of  carbon 
is  required  than  for  the  open-arc  lamp.     If  the  carbons  used 
in  these  lamps  are  at  all  impure,  the  impurities  become  vol- 
atilized and  are  deposited  on  the  inner  globe.     Enclosed-arc 
carbons  are  therefore  made  principally  of  lampblack,  which 
^       is  practically  pure  carbon,  and  are  considerably  more 
expensive    than    the    ordinary   carbons   made    from 
petroleum  coke.     They  must  be  straight  and  of  uni- 
form diameter,  otherwise  they  will  not  pass  through 
the  cap  of  the  enclosing  globe  properly. 

Fig.  12  shows  a  cored  carbon,  so  called  from  the 
core  a  running  through  it.     A  small  hole  in  the  cen- 
ter of  the  carbon  is  filled  with  a  much  softer  material 
than  the  surrounding  part.     The  soft  core  volatilizes 
more  easily  than  the  rest  of  the  carbon  and  pro- 
duces a  supply  of  vapor  that  increases  the  stability  of 
the  arc  and  keeps  it  from  shifting  around  so  much. 
Cored  carbons  are  particularly  useful  for  alternating- 
current  lamps,  in  which  the  arc  is  liable  to  be  unsteady 
and  flickering.     The  cored  carbon  reduces  the  volt- 
age corresponding  to  a  given  length  of  arc,  or  with  a 
given  voltage  it  allows  a  longer  arc  than  would  be 
^**'^      practicable  with  solid  carbons.     Some  makers  use 
cored  carbons  for  both  the  positive  and  the  negative  elec- 
trodes of  alternating-current  lamps,  while  others  use  them 
for  the  positive  electrode  only.     Cored  carbons  are  used 
more  particularly  with  alternating-current  lamps,  as  the  plain 
carbons  usually  give  satisfactory  service  with  direct  current. 
Searchlights  are  almost  wholly  operated  by  direct  current 
and  the  positive  carbon  is  generally  cored,  as  it  is  important 
to  keep  the  arc  in  one  place  as  closely  as  possible. 

Whatever  kind  of  carbon  may  be  used,  it  is  essential  that 
it  be  as  pure  and  as  uniform  in  quality  as  possible.     If  many 
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impurities  are  present,  they  may  interfere  seriously  with  the 
quality  of  the  light.  Of  course,  impurities  are  especially 
bad  in  the  case  of  the  enclosed  arc  on  account  of  the  deposit 
caused  on  the  inner  globe,  but  even  in  the  open  arc  they 
are  objectionable  because  they  volatilize  at  a  much  lower 
temperature  than  the  carbon  and  thus  tend  to  lower  the 
temperature  and  light-giving  properties  of  the  arc.  Hard 
spots  in  the  carbon  will  cause  unevet^  burning  and  carbons  that 
are  too  soft  are  apt  to  flame  badly.  Hard  spots  will  also  give 
rise  to  hissing.  Carbons  used  for  open-arc  lamps  are  usually 
electroplated  with  a  thin  coating  of  copper.  This  increases 
their  conductivity  and  makes  them  bum  more  uniformly  and 
last  longer.  

PHOTOMETRY  OP  THE  ARC  liAMP 


LIGHT    DISTRIBUTION 

13.  The  light  given  out  by  an  incandescent  lamp  is 
fairly  uniform,  assuming,  of  course,  that  the  lamp  has 
no  shade  on  it.  On  the  other  hand,  the  light  given  out  by 
an  arc  lamp  with  a  clear  globe  varies  greatly  in  differ- 
ent directions.  Since  the  manner  in  which  an  arc  lamp' 
distributes  its  light  is  of  the  greatest  importance,  it  will  be 
well  to  examine  the  peculiarities  of  some  of  the  more  impor- 
tant types.  It  will  not  be  necessary  here  to  go  into  the  meth- 
ods of  measuring  the  light  intensity,  which  is  usually  done  by 
means  of  a  Bunsen  or  similar  photometer,  with  the  arc  lamp 
so  arranged  that  its  candlepower  may  be  measured  in  any 
direction.  It  is  a  rather  difficult  matter  to  measure  the  candle- 
power  of  an  arc  lamp,  because  the  arc  is  continually  shifting. 
Special  photometers  have  been  devised  for  the  purpose,  one 
of  which,  designed  by  Prof.  C.  P.  Matthews,  has  a  number  of 
mirrors  arranged  around  the  lamp  so  that  the  light  given  out 
in  various  directions  is  reflected  along  the  photometer  bar. 
The  setting  of  the  screen  thus  gives  a  measure  of  the  mean 
spherical  candlepower. 

14.  Before  going  into  the  subject  of  light  distribution, 
a  few  points  in  regard  to  globes  may  not  be  out  of  order. 
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Ordinary  open-arc  lamps  used  for  street  lighting  are  gener- 
ally provided  with  clear  globes;  clean  globes  cut  oflE  from 
6  to  10  per  cent,  of  the  light,  and  if  dirty  will  cut  oflE  more. 
Sometimes  opal  globes  are  used,  especially  if  the  lamp  is 
used  for  interior  work;  these  soften  the  light  and  do  away 
with  the  sharp  shadows  that  are  always  present  with  a  clear 
globe.  In  other  words,  an  opal  globe  alters  the  distribution 
of  the  light  considerably  and  avoids  the  deep  shadows  under- 
neath the  lamp.  At  the  same  time  a  globe  of  this  kind  cuts 
o£E  from  30  to  40  per  cent,  of  the  light;  in  fact,  if  the  globe 
is  very  milky  it  may  easily  cut  ofiE  50  or  60  per  cent.    In  the 
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case  oJE  the  enclosed-arc  lamp,  there  is  in  addition  to  the 
outer  globe  the  inner  globe,  and  hence  the  amount  of  light 
cut  oflE  is  somewhat  increased.  Reflectors  are  used  much 
more  largely  with  the  alternating-current  arc  lamp  than  with 
the  direct  current,  because  the  former  tends  to  throw  its  light 
to  a  greater  extent  above  the  horizontal,  and  by  using  the 
reflector  this  light  can  be  thrown  downwards  and  utilized. 

15.  Direct-Current,  Open- Arc  liamps. — The  distri- 
bution of  light  from  an  ordinary  open-arc  lamp  is  about  as 
shown  in   Fig.  13.      This  represents  the  variation  in  the 
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intensity  at  different  angles  above  and  below  the  horizontal 
line  passing  through  the  arc  that  is  located  at  a.  The 
distance  from  a^  measured  along  the  radius  at  any  given 
angle,  is  proportional  to  the  candlepower  of  the  lamp  when 
viewed  from  that  position.  For  example,  the  light  reaches  its 
greatest  intensity  at  a  point 
about  45°  below  the  hori- 
zontal and  then  rapidly 
diminishes  on  both  sides 
of  this  point.  Directly 
above  or  below  the  arc 
there  is,  of  course,  little 
or  no  light,  as  the  arc  is 
obscured  by  the  frame  of 
the  lamp  and  the  carbons 
themselves.  The  open  arc 
throws  out  comparatively 
little  light  in  the  horizontal 
direction,  and  the  quantity 
of  light  thrown  upwards  is 
small.  It  is  thus  seen  that 
the  plain  open-arc  lamp 
using  a  direct  current,  with- 
out any  reflector  and  with 
simply  a  clear-glass  globe, 
gives  a  good  distribution 
of  light  for  street  lighting, 
because,  on  account  of  the 
formation  of  the  crater  in 
the  upper  carbon,  it  throws  the  bulk  of  its  light  downwards  at 
an  angle  of  about  45°,  where  it  is  most  needed.  This  is  one 
of  the  reasons  why  the  direct-current,  open-arc  lamp  proved 
so  successful  for  street  lighting.  If  the  deep  shadows  directly 
under  the  lamp  are  objectionable,  they  can  be  softened  by 
using  a  clear  globe  with  the  lower  half  ground. 

16.     AltematlnfiT-Current,   Open-Arc   Ijamps. — The 

distribution  from  an  alternating-current,  open-arc  lamp  is  not 
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of  much  practical  importance  because  these  lamps  are  sel- 
dom used.  It  is,  however,  instructive  to  compare  it  with 
Fig,  13.  Fig.  14  shows  the  general  distribution  from  an 
alternating-current,  open-arc  lamp,  as  determined  by  Uppen- 
bom.  A  great  deal  of  the  light  is  thrown  above  the 
horizontal;  this  is  because  the  two  carbon  points  are  alter- 
nately positive  and  negative,  so  that  both  become  heated 

to  nearly  an  equal  amount. 
Such  a  lamp,  to  be  effect- 
ive for  street  lighting, 
should  be  provided  with  a 
reflector  to  throw  the  light 
down  where  it  is  wanted. 
The  curves  shown  in 
Figs.  13  and  14  represent 
average  distributions.  It 
must  be  remembered  that 
the  arc  always  shifts  around 
more  or  less,  and  hence  the 
shape  of  the  distribution  is 
constantly  changing.  The 
curves  will,  however,  illus- 
trate the  marked  diflEerence 
in  the  light  distribution 
of  the  alternating-current, 
open-arc  lamp  as  compared 
with  the  direct-current, 
open-arc  lamp. 

,  17.     Direct-Current, 

F'o- 15  Enclosed  -  Arc    liamps. 

There  has  been  a  great  deal  of  discussion  regarding  the  light- 
giving  properties  and  efficiency  of  the  enclosed  arc  as  com- 
pared with  the  open  arc.  The  data  here  given  are  abstracted 
from  a  report  of  a  committee  of  the  National  Electric  Light 
Association  on  tests  made  by  Prof.  C.  P.  Matthews.  Fig.  15 
shows  the  average  of  curves  from  direct-current,  110- volt, 
enclosed-arc    lamps    used    on    constant-potential    circuits. 
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Curve  A  shows  the  distribution  when  the  lamp  is  provided 
with  an  opalescent  inner  globe  only;  there  is  no  large  outer 
globe.  This  curve  should  be  compared  with  that  shown  in 
Fig.  13  for  the  open  arc.  With  the  enclosed  arc,  the  light 
is  of  fairly  high  intensity  through  a  considerable  angle 
below  the  horizontal.  In  this  case,  the  maximum  value  is 
approximately  360  candle- 
power  and  occurs  about 
30°  below  the  horizontal. 
This  is  considerably  less 
than  the  intensity  given 
by  an  open  arc  at  about 
40°  to  45°  below  the  hori- 
zontal, but  the  light  from 
the  latter  falls  off  very 
rapidly  on  each  side  of  the 
maximum  point,  whereas 
in  the  enclosed  arc  it  is 
fairly  well  maintained 
through  a  considerable 
angle.  Curve  B  shows  the 
distribution  when  the  lamp 
is  provided  with  a  clear 
outer  globe  in  addition 
to  the  inner  opalescent 
globe.  The  effect  is  to  cut 
down  the  intensity  as  a 
whole  slightly.  Curve  C 
shows  the  effect  of  using 
an  outer  opalescent  globe; 
the  effect  is  to  make  the 
light  approximately  uniform  in  all  directions  at  the  expense 
of  cutting  it  down  greatly. 

The  distribution  of  light  from  an  enclosed-arc  lamp  is  sub- 
ject to  considerable  variation.  It  depends  to  some  extent  on 
the  shape  of  the  enclosing  globe  and  also  on  the  thickness 
of  deposit  on  it.  It  also  depends  on  the  position  of  the  arc 
in  the  enclosing  globe. 
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18.  AltematinfiT- Current,    Enclosed -Arc    IJanips. 

The  direct-current  lamp  gives  a  better  distribution  for  street 
lighting  than  the  alternating-current,  enclosed-arc  lamp,  and, 
on  the  whole,  the  latter  is  not  quite  as  efficient  as  the  direct- 
current  lamp.  If,  however,  full  benefit  is  to  be  obtained  from 
the  light  given  by  the  alternating-current  enclosed  arc,  a 
reflector  of  some  kind  must  be  used.  This  is  shown  by  the 
curves  in  Fig.  16.  Curve  A  represents  the  distribution 
from  an  alternating-current  enclosed-arc  lamp  that  has  an 
opalescent  inner  globe  and  a  clear  outer  globe.  A  large 
quantity  of  light  is  thrown  above  the  horizontal,  as  in  the 
alternating-current  open-arc  lamp.  Curve  C  shows  the  dis- 
tribution when  the  same  lamp  is  provided  with  a  reflector. 
The  curves  show  how  the  light  that  would  ordinarily  be 
thrown  upwards,  and  hence  be  of  little  or  no  use  for  street 
illumination,  is  made  available.  Thus  equipped  with  a 
reflector,  the  alternating-current  arc  makes  a  better  showing 
against  the  direct-current  arc.  The  alternating-current  lamp 
equipped  with  a  reflector  is  rapidly  finding  favor  as  a  street 
illuminant;  though-  it  may  not  be  quite  as  efficient  as  the 
direct-current  arc,  its  use  in  many  cases  so  simplifies  the 
outfit  required  at  the  station  that  the  slight  difference  in 
the  efficiency  of  the  lamps  is  more  than  made  up.  This 
will  be  more  apparent  later  when  the  various  systems  of 
supplying  lamps  with  current  are  considered.  In  Fig.  16, 
curve  B  shows  the  distribution  given  by  an  alternating- 
current,  enclosed-arc  lamp  when  used  with  opalescent  inner 
and  outer  globes.  

CANDLiEPOWER    OF    ARC    LAMPS 

19.  The  candlepower  of  an  arc  lamp  is  a  rather 
indefinite  quantity.  In  making  comparisons  between  dif- 
ferent lamps,  the  only  way  that  is  at  all  fair  is  to  take  the 
mean  spherical  candlepower;  i.  e.,  what  their  candlepower 
would  be  equivalent  to  if  it  were  equal  in  all  directions, 
instead  of  varying,  as  indicated  by  the  curves  just  shown. 
In  comparing  incandescent  lamps,  it  is  usually  sufficient  to 
compare  their  mean  horizontal  candlepower  as  obtained  by 
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spinning:  the  lamp;  but  in  the  case  of  an  arc  lamp,  the  distri- 
bution is  so  irregular  that  the  mean  spherical  candlepower 
must  be  taken. 

In  the  early  days  of  electric  lighting,  it  was  customary  to 
speak  of  the  ordinary  open-arc  lamp  as  giving  2,000  or  1,200 
candlepower.  The  candlepower  of  these  lamps  was  not 
nearly  so  high  as  this.  It  is  barely  possible  that  under 
exceptional  conditions  the  light  given  out  in  the  direction  of 
maximum  intensity  might  have  reached  these  figures,  but 
the  average  candlepower  was  nowhere  near  2,000;  about 
375  to  450  would  be  nearer  the  mark.  This  old  rating  gave 
rise  to  a  great  deal  of  trouble,  as  customers  were  often  told 
that  the  lamps  should  give  2,000  candlepower  and  that  the 
lighting  companies  were  not  living  up  to  their  contracts.  It 
has  become  customary,  therefore,  to  specify  arc  lamps  as 
taking  so  many  watts  instead  of  supplying  a  certain  num- 
ber of  candlepower.  This  is  generally  more  satisfactory, 
because  the  watts  can  be  measured  at  any  time,  to  see  if  the 
contract  is  being  lived  up  to.  The  lamp  formerly  rated  at 
2,000  candlepower  has  thus  come  to  mean  one  that  is  sup- 
plied with  450  watts;  and  a  1,200-candlepower  lamp,  one  that 
is  supplied  with  300  watts.  The  ratings,  2,000  and  1,200 
candlepower,  should  never  have  been  applied  to  these  lamps 
in  the  first  place,  as  they  have  absolutely  no  meaning.  As 
has  been  stated,  the  mean  spherical  candlepower  of  an  ordi- 
nary direct-current  open  arc  is  generally  somewhere  between 
375  and  450  candlepower.  The  mean  spherical  candlepower 
represented  by  curve  Ay  Fig.  15,  is  about  223;  curve  B,  181; 
curve  C,  155.  For  the  alternating-current  lamps,  represented 
by  Fig.  16,  the  mean  spherical  candlepower  for  curve  A  is 
about  140;  for  curve  B,  114. 

20.  Power  Consumption  per  Candlepower, — ^The 
number  of  watts  that  must  be  supplied  to  the  terminals  of 
an  arc  lamp  per  mean  spherical  candlepower  will  depend 
on  the  construction  of  the  lamp  and  on  the  conditions  under 
which  it  is  used.  For  example,  when  direct-current  lamps 
are  operated  on  110-volt  circuits,  it  is  necessary  to  have  a 
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resistance  in  series  to  take  up  the  voltage  over  and  above 
the  80  volts  required  by  the  arc;  and  even  if  the  line  voltage 
were  suited  to  that  of  the  arc,  a  resistance  would  still  be 
necessary  to  make  the  lamp  regulate  properly,  as  will 
be  explained  later.  The  waste  in  this  resistance  may 
amount  to  as  much  as  140  or  150  watts,  and  this  lowers 
the  general  efficiency  of  the  lamp.  When  lamps  are  oper- 
ated in  series,  a  resistance  is  not  necessary  and  the  waste  in 
the  lamp  is  less.  An  ordinary  series,  open-arc  lamp  requires 
about  1.2  watts  per  spherical  candlepower.  A  direct-current 
enclosed  arc  requires  about  1.8  watts  per  spherical  candle- 
power,  not  c6unting  the  power  lost  in  the  resistance.  If 
a  resistance  is  used,  as  in  the  case  of  a  lamp  operated  on 
110-volt  direct  current,  the  power  consumptipn  per  candle- 
power  will  be  2.3  to  2.4  watts.  For  example,  the  lamp 
represented  by  curve  A,  Fig.  15,  took  4.9  amperes  at  110 
volts  or  539  watts,  of  which  147  watts  were  wasted  in  the 
resistance  and  392  watts  taken  up  at  the  arc.  The  lamp 
gave  about  223  mean  spherical  candlepower;  hence,  the 
total  number  of  watts  per  candlepower  was  Mf  =  2.4.  Not 
counting  the  loss  in  the  resistance,  the  watts  per  candle- 
power  would  be  1.8,  nearly. 

21.  The  alternating-current,  enclosed-arc  lamp  requires 
about  2.4  watts  per  spherical  candlepower,  not  counting  the 
energy  lost  in  the  lamp  mechanism.  If  an  alternating-cur- 
rent lamp  is  run  from  constant-potential  mains,  the  excess 
voltage  can  be  taken  up  by  a  reactance,  or  choke  coil,  which 
wastes  much  less  energy  than  a  resistance.  The  energy 
wasted  in  the  mechanism  of  a  constant-potential,  alterna- 
ting-current arc  lamp  will  not  be  more  than  half  that  of  the 
direct-current  lamp  using  a  resistance.  If  the  power  lost  in 
the  mechanism  is  included  in  both  cases,  the  alternating  cur- 
rent constant-potential  enclosed  arc  will  require  2.45  watts, 
as  against  2.3  watts  required  by  the  direct-current  arc.  If  a 
shade  is  used  on  the  alternating-current  arc,  the  power  con- 
sumption per  candlepower  delivered  below  the  horizontal 
becomes  much  less;  but  in  comparing  the  different  lamps, 
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they  should  all  be  taken  as  nearly  under  the  same  conditions 
as  possible. 

These  figures  are  intended  to  give  a  general  idea  as  to  the 
efficiency  and  illuminating  power  of  the  various  kinds  of 
lamps,  and  represent  average  conditions,  but  lamps  may  be 
found  that  will  vary  considerably  from  th^  above.  If  the 
enclosed-arc  lamp  taking  450  watts  is  compared  with  an 
open-arc  lamp  taking  the  same  amount  of  power,  it  will 
be  found  that  the  open-arc  lamp  will  give  a  somewhat 
brighter  illumination  on  the  street.  Notwithstanding  this 
fact,  the  public,  as  a  rule,  does  not  object  to  the  enclosed 
arc  being  substituted  for  the  open,  because  the  light  is 
much  steadier  and  softer  and  the  shadows  are  not  so 
deep.  The  preceding  figures  relating  to  arc  lamps  are  here 
collected  in  Table  I  for  convenient  reference.  Table  II 
gives  data  regarding  the  power  consumption  of  the  diflEerent 
types  of  a  well-known  make  of  enclosed-arc  lamp.  By  the 
efficiency  of  the  various  lamps  as  given  in  this  table  is 
meant  the  ratio  of  the  watts  utilized  at  the  arc  to  the  watts 
supplied  at  the  lamp  terminals.  The  direct-current  lamp, 
run  in  series  on  constant-current  circuits,  has  the  highest 
efficiency  because  there  is  very  little  resistance  in  series 
with  the  arc.  The  efficiency  of  constant-potential  lamps 
is  lower,  because  of  the  power  lost  in  the  resistance  or 
reactance  that  is  inserted  in  series  with  the  arc. 

22.  Illumination. — The  number  of  arc  lamps  required 
to  illuminate  a  given  space  varies  greatly,  so  that  it  is  difficult 
to  give  any  definite  figures  on  this  subject.  Enclosed-arc 
lamps  are  now  largely  used  for  the  interior  illumination  of 
mills  and  factories.  The  light  from  these  lamps  is  steady  and 
agreeable,  and  if  they  are  provided  with  light  opal  globes  or 
reflectors,  a  very  even  illumination  can  be  obtained.  In  textile 
mills,  the  illumination  must  be  very  good;  hence,  more  lamps 
are  needed  per  unit  of  floor  area  than  would  be  required,  for 
example,  in  a  foundry.  Table  III,  given  by  the  General 
Electric  Company,  shows  the  approximate  number  of  watts 
required  at  lamp  terminals  for  first-class  illumination. 
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TABIjB  I 

POWER    CONStrMPTION    OF    ARC    lAMPS 
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Type  of  Lamp 
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notainal  candlepower, 
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50  volts 
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375 

1.3 

1.2 

Direct-current  enclosed 

arc,    no   volts    4.9 

amperes,  opalescent 

inner  globe,  no  outer 

539 

147 

392 

223 

2.4 

1.8 
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inner  and  clear  outer 
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539 

147 

392 

181 

2.9 

2.1 
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inner     and    outer 
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539 

147 

392 

155 
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2.5 
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volts,  opalescent  inner 
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74 

342 

140 

2.9 

2.4 
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74 

342 

114 

3.6 
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TABiiB  rn 

WATTS  PER  SQUABB   FOOT  FOR   INTERIOR  ARC  LIGHTING 


Building 


Watts  per 

Square  Foot 

Average 

Conditions 


Watts  per 

Square  Foot 

Variation 


Machine  shops,  high  roofs,  no  belts 
Machine  shops,  low  roofs,  belts,  and 

other  obstructions 

Hardware  and  shoe  stores  .... 
Department   stores,  light  material, 

bric-k-brac,  etc . 

Mill  lighting,  plain  white  goods  .  . 
Mill  lighting,  colored   goods,  high 

looms 

General  office,  no  incandescents  .  . 
Drafting  rooms 


.50  to  1. 00 

.75  to  1.25 
.50  to  1. 00 

.75  to  1.25 
.90  to  1.30 

I. ID  to  1.50 
1.25  to  1.75 
1.50  to  2.00 


METHODS  OF  DISTRIBUTION 


SERIES  DISTRIBUTION 

23.  Most  of  the  arc  lamps  used  for  scattered  street- 
lighting  work  are  connected  in  series.  For  example,  in 
Fig.  17,  A  represents  a  direct-current  arc-light  dynamo  in 
the  station  and  /,  /,  /  arc  lamps  situated  at  different  pomts 
on  the  street;  /,  /'  represent  the  terminals  of  the  lamps, 
which  are  marked  +  and  —  to  distinguish  them  from  each 
other.  The  current  flows  through  the  lamps  in  the  direction 
indicated  by  the  arrows;  the  +  terminal  should  in  each  case 
connect  to  the  upper  carbon  and  the  negative  terminal  to 
the  lower.  If  one  of  the  lamps  B  should  be  connected  in 
the  circuit  backwards,  as  shown,  the  current  would  enter 
at  the  lower  carbon  and  the  lamp  would  burn  upside  down; 
in  such  a  case  the  terminals  should  be  changed  so  that  the 
current  will  enter  at  the  top  carbon,  as  in  the  other  lamps. 
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In  a  simple  series  circuit,  the  current  through  all  the  lamps 
will  be  the  same  unless  there  is  a  leakag^e  to  ground  and 
across  to  the  other  line,  as  indicated,  for  example,  by  the 
dotted  path  a-b.  There  will  be  little  leakage  if  the  line  is 
in  proper  condition,  so  that  it  may  be  generally  assumed 
that  the  current  through  each  lamp  is  the  same. 

The  current  in  the  circuit  must  be  kept  constant;  i.  e.,  the 
number  of  amperes  must  be  kept  the  same  no  matter  how 
many  lamps  are  in  use.  If  there  were  ten  lamps  in  opera- 
tion, each  requiring  45  volts  pressure,  the  dynamo  would 
have  to  generate  450  volts.  Suppose  that  three  of  the 
lamps   are   cut   out   by   short-circuiting   them — lamps  in  a 
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series  circuit  must  always  be  cut  out  by  short-circuiting » 
otherwise  the  circuit  will  be  broken.  In  practice,  each  lamp 
is  provided  with  a  switch,  as  indicated  at  s,  which  is  used  to 
cut  out  the  lamp  by  allowing  the  current  to  flow  past  it.  If 
the  voltage  remains  the  same,  the  current  will  increase, 
because  the  resistance  6f  the  circuit  has  been  decreased;  if 
the  current  is  increased,  the  lamps  will  perform  badly  and 
perhaps  be  damaged.  In  order  to  keep  the  current  the  same, 
the  voltage  should  be  reduced  to  7  X  45  =  315  volts,  when 
the  lights  are  cut  out.  This  is  done  by  providing  the 
dynamo  with  an  automatic  regulator.  In  case  the  lamps 
are  operated  in  series  by  means  of  alternating  current,  a 
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special  transformer  or  reg^ulator  of  some  kind  is  used  to 
keep  the  current  constant. 

The  series  system  of  distribution  is  very  widely  used  for 
street  lighting,  and  is,  in  fact,  about  the  only  system  that 
can  be  used  economically  where  the  lights  are  scattered. 
As  the  same  current  flows  through  all  the  lamps,  the  system 
is  operated  by  using  a  small  current  (usually  from  6  to 
10  amperes)  at  a  high  pressure.  This  calls  for  a  small  line 
wire  (usually  about  No.  6  or  No.  8  B.  &  S.),  and  thus 
requires  a  comparatively  small  expenditure  for  copper. 

24.  Arrang^ement  of  Series  Circuits* — If  a  simple 
series  circuit  is  operated,  as  shown  in  Fig.  17,  the  voltage 
generated  by  the  dynamo  or  other  source  of  current  will  be 
the  voltage  per  lamp  multiplied  by  the  number  of  lamps 
plus  the  voltage  drop  in  the  line.  If  the  number  of  lamps 
operated  is  large,  the  voltage  required  becomes  very  high. 
Thus,  in  order  to  operate  75  enclosed-arc  lights,  the  machine 
must  generate,  roughly,  6,000  volts,  allowing  80  volts  per 
lamp  so  as  to  include  the  drop  in  the  line.  Up  to  within  a 
comparatively  recent  date,  this  was  considered  about  as 
many  lamps  as  could  be  operated  from  one  machine,  because 
of  the  difficulties  of  construction  and  operation  at  higher  volt- 
ages. The  result  was  that  a  station  operating  a  large  number 
of  lights  had  to  be  equipped  with  a  number  of  comparatively 
small  machines,  which  were,  at  best,  not  very  efficient.  To 
overcome  this,  the  so  called  multicircuit  mcichines  were  brought 
out,  which  are  capable  of  operating  125  to  150  lights.  The 
construction  of  arc  dynamos  has  also  been  perfected  to  such 
an  extent  that  machines  are  now  built  capable  of  operating 
150  lights  on  a  single  circuit. 

25.  Multicircuit  Series  Maclitnes. — ^There  are  two 
kinds  of  multicircuit  machines;  namely,  those  in  which  there 
are  two  or  more  circuits  in  series  and  those  in  which 
there  are  two  or  more  circuits  in  parallel.  The  later  styles 
of  Brush  machine  are  examples  of  the  first  kind;  the  new 
tjrpe  of  Western  Electric  machine  is  an  example  of  the  sec- 
ond.    The  newer  and  larger  style  of  Brush  machine  is  of  the 
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multipolar  type,  but  is  similar  in  principle  to  the  old  two-pole 
machine.  The  principal  difiEerence  is  in  the  arrangement  of 
the  circuit  connections. 

Suppose  that  A  and  B  represent  two  of  the  commutators 
of  a  Brush  machine  which  in  the  older  machines  were  con- 
nected in  series,  as  shown  in  Fig.  18  (a),  across  a  single 
circuit.  The  voltage  between 
the  terminals  of  the  circuit  1-2 
is  equal  to  the  sum  of  the  volt- 
ages generated  in  the  sections 
of  the  armature  A  and  B.  Sup- 
pose, however,  that  two  series 
of  lamps  are  arranged  as  shown 
in  Fig.  18  {b).  Here  the  same 
number  of  lamps  are  connected 
in  series  as  before,  but  they  are 
divided  into  two  circuits  1-2  and 
3-4,  and  the  pressure  between 
points  1,2  is  one-half  what  it 
was  before,  because  there  are 
only  one -half  as  many  lamps 
connected  between  1,  2  as  there 
were  in  the  previous  case. 

The  whole  object  of  this 
arrangement  is  to  allow  a  large 
number  of  lamps  to  be  operated 
in  series  without  introducing 
extremely  high  pressures  on  the 
line  and  dynamo.  This  may, 
perhaps,  be  more  clearly  under- 
stood by  taking  the  example 
shown  in  Fig.  19.  It  would  not 
be  necessary  to  use  a  multicircuit  arrangement  for  as  small 
a  number  of  lights  as  ten,  but  it  will  serve  to  illustrate  the 
point.  If  it  is  assumed  that  open-arc  lamps  are  used  and 
50  volts  allowed  per  lamp,  so  as  to  include  the  line  drop, 
500  volts  will  be  required  for  operating  the  single  circuit  in 
Fig.  19  (a).     The  fall,  or  drop,  in  pressure  from  the  +  to 
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the  —  terminal  of  the  machine  can,  therefore,  be  represented 
as  indicated  in  Fig,  19  (a).  Each  section  of  the  armature 
generates  250  volts,  and  as  these  are  connected  directly  in 
series,  there  are  500  volts  across  the  circuit. 

Suppose,- now,  that  the  ten  lamps  are  connected  as  in 
Fig.  19  (d).  Take  the  point  1  as  a  starting  point  and  assume 
that  it  is  at  zero  potential.  The  armature  section  A  raises 
the  pressure  to  250  volts,  so  that  there  is  a  difference  in 
pressure  of  250  volts  between  points  3  and  1.     The  current 


/^  Lamps 


then  passes  through  the  circuit  8-4  containing  five  lamps, 
and  the  pressure  drops  off  as  indicated.  Armature  B  again 
raises  the  pressure  250  volts,  so  as  to  operate  the  five  lamps 
in  circuit  2-1. 

It  is  thus  seen  that  the  multicircuit  arrangement  shown  in 
{b)  operates  the  same  number  of  lights  as  in  (a),  and  the 
maximum  pressure  between  the  terminals  of  the  dynamo  or 
bet  veen  the  terminals  of  either  of  the  circuits  is  one-half 
that  in  the  single-circuit  scheme  of  operation.  This  descrip- 
tion has  been  given  with  reference  to  dynamos,  but  the  same 
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multicircuit  plan  can  be  used  with  transformers  supplying 
series  alternating-current  lamps.  The  transformer  has  a 
secondary  consisting  of  two  or  more  coils  connected  in  exactly 
the  same  manner  as  described  for  the  armature  windings. 

Since,  in  the  multicircuit  arrangement,  as  used  on  the  Brush 
machines,  the  several  circuits  are  in  series  with  each  other,  the 
current  must  be  the  same  in  all  and  only  one  regulator  is 
necessary  on  the  dynamo.  Where  two  independent  circuits 
are  operated  in  parallel  from  the  same  machine,  the  voltage 
applied  to  each  of  the  circuits  must  be  capable  of  independent 
regulation.  For  this  reason,  the  Western  Electric  multicircuit 
machines  are  provided  with  two  independent  regulators,  one 
for  each  circuit.  Some  of  the  larger  Brush  machines  are 
arranged  so  as  to  operate  four  circuits,  though  any  of  these 
dynamos  may  be  operated  as  ordinary  single-circuit  machines 
if  desired.  

PARAIiliBli  DISTRIBUTION 

26.  When  arc  lamps  were  first  introduced,  parallel 
distribution  was  not  very  common,  but  now  a  large  num- 
ber of  lamps  are  operated  in  parallel  on  constant-potential 
circuits,  both  direct  and  alternating.  The  increased  use  of 
enclosed-arc  lamps  for  store  and  factory  illumination  is 
largely  responsible  for  this.  Such  places  were  usually 
equipped  with  low-pressure,  constant-potential  plants  for 
incandescent  lighting,  and  series  arc  lamps  for  interior 
work  are  more  or  less  objectionable  on  account  of  the 
high  pressures  necessary  for  their  operation.  The  series 
arc  lamp  is,  however,  used  for  interior  illumination  in  some 
large  concerns  where  a  large  number  of  lights  must  be 
operated.  Enclosed-arc  lamps  are  operated  in  parallel  by 
connecting  them  directly  across  the  line,  as  indicated  in 
Fig.  20.  Each  lamp  is  here  provided  with  a  double-pole 
switch  and  cut-out  or  branch  block  carrying  fuses  for  protec- 
tion in  case  a  short  circuit  occurs  in  the  lamp.  Most  lamps 
have  a  switch  mounted  on  them,  and  it  is  only  necessary  to 
provide  a  separate  switch,  as  shown,  when  control  of  the 
lamp  from  a  distant  point  is  desired.    Of  course,  the  switch 
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is  arranged  to  open  the  circuit  through  the  lamp,  and  not 
short-circuit  it,  as  when  cutting  out  a  series  lamp.  Fig.  21 
shows  the  lamps  connected  to  an  ordinary  110- volt,  direct- 
current  system.  By  using  lamps  with  a  slightly  diflEerent 
mechanism,  they  may  be  operated  from  the  secondary  of  a 
transformer,  as  shown  in  Fig.  22. 

27.  When  arc  lamps  are  operated  from  constant-potential 
direct-current  mains,  it  is  necessary,  for  two  reasons,  to 
connect  a  resistance,  Fig.  20,  in  series  with  the  arc.  In  the 
first  place,  the  lamps  will  not  regulate  well  without  it,  and 
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in  the  second  place,  the  voltages  used  on  constant-potential 
circuits  are  usually  considerably  higher  than  the  voltage 
required  by  a  single  arc  lamp,  so  that  the  excess  voltage 
must  be  taken  up  in  a  resistance.  If  an  arc  lamp  is  con- 
nected directly  to  constant-potential  mains,  without  the 
intervention  of  any  resistance,  its  action  is  unstable.  If 
the  current  flowing  through  an  arc  increases,  the  resistance 
of  the  arc  decreases,  because  the  increased  current  causes 
the  cross-section  of  the  arc  to  increase.  On  the  other  hand, 
if  the  current  decreases,  the  resistance  of  the  arc  increases. 
The  consequence  is  that  if  the  constant  voltage  of  the  mains 
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is  just  equal  to  that  required  by  the  arc  and  if  the  current 
through  the  arc,  for  any  reason,  decreases  a  little,  the 
resistance  offered  by  the  arc  at  once  increases,  thus  causing 
a  further  decrease  of  ciurent  and  increase  of  resistance,  with 
the  result  that  the  arc  goes  out.  On  the  other  hand,  an 
increase  of  current  results  in  a  decrease  of  resistance,  and 
this  causes  a  still  further  increase  of  current.  The  operation 
of  the  lamp  is  therefore  unstable,  and  the  arc  will  not 
remain  constant  for  any  length  of  time. 
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Now,  if  a  line  voltage  somewhat  higher  than  that  required 
by  the  lamp  is  used  and  enough  resistance  inserted  to  give  a 
drop  through  the  resistance  sufl&cient  to  bring  the  arc  voltage 
to  the  correct  amount  when  the  normal  current  is  flowing,  the 
lamp  will  become  stable  in  its  action.  For,  suppose  the  cur- 
rent decreases  a  little;  the  drop  through  the  resistance  will 
decrease  and,  since  the  line  voltage  is  constant,  the  voltage 
across  the  arc  will  be  increased,  thus  compensating  for  the 
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increased  arc  resistance.  Also,  if  the  current  increases,  the 
drop  through  the  resistance  at  once  increases  and  the  voltage 
across  the  arc  is  lowered.  In  alternating-current  lamps,  a 
reactanccy  or  chokcy  coil  takes  the  place  of  the  resistance;  this 
consists  of  a  coil  of  wire  wound  on  an  iron  core.     When  the 
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alternating  current  passes  through  the  coil,  the  changing 
magnetism  set  up  generates  a  counter  E.  M.  F.  in  the  coil. 
The  choke  coil  wastes  less  energy  than  the  resistance,  but,  of 
course,  it  cannot  be  used  with  a  direct-current  lamp,  as  the 
direct  current  is  not  capable  of  setting  up  the  alternating 
magnetism  necessary  to  generate  the  coxmter  E.  M.  F.     The 
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resistance  or  choke  coil,  as  the  case  may  be,  is  generally 
mounted  in  the  top  of  the  lamp  and  is  arranged  so  that  it  will 
be  ventilated,  in  order  to  insure  cool  running. 

28.  220-Volt,  Enclosed-Arc  liamps. — Enclosed-arc 
lamps  for  operation  in  parallel  across  220-volt  mains  are 
built,  but  they  are  not  quite  as  efficient  or  satisfactory  as 
the  110-volt  lamp.  They  operate  with  about  2i  amperes 
and  take  140  volts  at  the  arc.  Another  type  of  220-volt 
lamp  consists  of  two  110-volt  lamps  combined  in  one; 
that  is,  there  are  two  sets  of  carbons  and  two  arcs 
connected  in  series.  Still  another  plan  is  to  use  two  lamps 
in  series  across  the  circuit. 

29.  Enclosed-Arc    liamps    on    550-Volt    Circuits. 

It  is  very  often  desirable  to  operate  enclosed-arc  lamps  on 
550-volt  railway  circuits  for  the  illumination  of  car  bams, 
street-railway  parks,  etc.  The  special  types  of  lamp  made 
for  this  purpose  are  generally  operated,  five  in  series,  across 
the  circuit  so  that  each  lamp  receives,  approximately, 
110  volts.  Each  lamp  is  usually  provided  with  a  resistance 
in  conjunction  with  an  automatic  cut-out,  so  that  in  case 
a  lamp  is  cut-out  of  circuit  the  remaining  lamps  will  not 
get  an  excessive  current  and  will  burn  uninterruptedly. 


AKC  LAMPS 

30.  The  different  makes  and  types  of  arc  lamps  in 
commercial  use  are  so  numerous  that  it  is  impossible 
to  give  a  complete  list  of  them  here.  This  is,  however, 
not  necessary,  because  many  of  the  types  differ  only  in 
mechanical  details  and  involve  no  new  principles.  Complete 
instructions  concerning  the  different  makes  are  furnished  by 
the  manufacturers,  and  all  that  is  necessary  is  to  point 
out  the  features  peculiar  to  lamps  adapted  to  the  various 
kinds  of  service. 

No  matter  what  type  of  lamp  is  used,  it  must  be  arranged 
so  that  the  carbons  will  be  kept  the  proper  distance  apart. 
In  a  few  special  cases,  as  for  example,  in  some  searchlights 
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or  projection  lamps,  this  is  accomplished  by  hand,  but  in  all 
commercial  lighting  work  the  lamp  must  be  provided  with  a 
mechanism  that  will  feed  the  carbons  together  as  they 
are  consumed.  In  most  cases,  the  lower  carbon  is  fixed 
and  the  top  one  is  fed  down  in  such  a  way  as  to  keep 
the  arc  of  the  proper  length.  When  the  upper  carbon  is 
released  by  the  lamp  mechanism,  it  is  fed  down  by  the 
attraction  of  gravity.  Gravity  is  therefore  the  propelling 
force  in  most  lamps,  and  the  whole  lamp  mechanism  is 
essentially  a  device  first  to  separate  the  carbons  and  start 
the  arc  and  then  to  release  the  carbon  and  allow  it  to 
feed  down  at  the  proper  time.  The  mechanism  generally 
consists  of  a  clutch  or  clockwork  controlled  by  electro- 
magnets, the  current  in  which  depends  on  the  condition 
of  the  arc  that  releases  the  clutch  or  clockwork,  thus 
allowing  the  carbon  to  feed  down  whenever  the  arc  exceeds 
the  length  for  which  the  mechanism  is  set.  The  mechanism 
must  also  be  arranged  so  that  the  lamp  will  regulate 
without  affecting  other  lamps  on  the  circuit.  This  is 
comparatively  easy  to  accomplish  in  the  case  of  lamps 
operated  in  parallel,  because  the  pressure  across  the  mains 
is  constant,  and  each  lamp  is  independent  of  the  others.  In 
the  case  of  the  series  lamp,  however,  the  current  that  flows 
through  one  lamp  also  flows  through  all  the  others,  and 
each  lamp  must  be  arranged  so  as  to  feed  when  necessary, 
no  matter  what  may  be  the  condition  of  the  others. 


CONSTANT-POTENTIAIi  liAMPS 

31.     The   regulation  of  constant-potential  lamps   is 

usually  brought  about  by  an  electromagnet  or  solenoid  con- 
nected directly  in  series  with  the  arc,  and  designed  to  operate 
either  a  clutch  or  clockwork  mechanism  so  as  to  feed  the 
carbon  when  required.  For  example,  take  the  simple 
arrangement  shown  in  Fig.  23.  This  is  not  intended  to 
illustrate  any  particular  make  of  lamp,  but  simply  to  bring 
out  some  of  the  points  connected  with  the  operation  of  con- 
stant-potential lamps  in  general.     By  far  the  greater  number 
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of  lamps  in  use  employ  a  clutch  rather  than  a  clockwork 
feed.  In  Fig.  23,  /,  t*  are  the  lamp  terminals  connected 
across  a  constant-potential  circuit;  r  is  the  resistance  inserted 
to  take  up  the  surplus  voltage  and  to  make  the  action  of  the 
lamp  stable;  5  is  a  solenoid  connected  directly  in  series 
with  r  and  arranged  to  draw  up  core  c  when  current  passes; 
d  is  the  clutch,  which  is  here  shown  simply  as  a  washer  with 
a  hole  a  little  larger  than  the  rod  e,  to  which  the  upper  car- 
bon is  attached;  /  is  a  stop  against  which  d  strikes  when  the 
core  c  lowers  a  sufficient   amount;  g  is  the  top  (positive) 
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carbon  and  h  is  the  lower  (negative).  The  current  enters 
at  /,  passes  through  r  and  5"  to  the  brush  ky  which  makes  a 
sliding  contact  with  the  carbon  rod  e.  From  e,  it  passes  to 
the  top  carbon  g^  thence  to  the  lower  h,  and  out  at  t'.  This 
is  supposed  to  be  a  direct-current  lamp;  hence,  the  current 
should  flow  as  shown,  so  as  to  bring  the  crater  in  the  upper 
carbon.  With  an  alternating-current  lamp,  it  would,  of 
course,  make  no  difiEerence  how  the  lamp  was  connected. 

When  the  current  is  off,  d  comes  down  against  /  and  the 
latter  is  tilted  so  that  e  slides  through  until  ^  strikes  h.  As 
soon  as  the  current  is  turned  on  by  closing  switch  m,  the 
core  c  is  at  once  drawn  up  to  the  full  limit  for  which  the 


Digitized  by 


Google 


38  ARC  LIGHTING  §34 

lamp  is  adjusted.  As  soon  as  c  moves  up,  d  tilts,  as  shown 
in  the  figure,  and  grips  e  thus  raising  g  and  striking  or  start- 
ing the  arc.  As  the  carbons  bum,  the  arc  gradually  becomes 
longer,  and  consequently  the  resistance  of  the  lamp  as  a 
whole  increases.  One  fact  that  must  not  be  lost  sight  of  is 
that  this  lamp  is  connected  in  parallel  across  a  constant- 
potential  circuit;  hence,  as  the  arc  lengthens  the  current 
through  the  lamp  is  bound  to  decrease,  no  matter  what 
current  the  other  lamps  on  the  same  circuit  may  be  taking. 
The  result  is  that  as  the  arc  gets  longer,  S  becomes  weaker 
because  of  the  smaller  current  and  c  lowers  a  little.  When  c 
has  moved  a  short  distance,  d  comes  in  contact  with  /,  and 
as  c  drops  still  farther,  d  is  tipped  a  little  and  allows  rod  e 
to  slide  through.  As  soon  as  the  carbons  come  nearer 
together,  the  current  at  once  increases,  c  is  pulled  up,  and 
the  rod  is  held  until  the  current  becomes  small  enough  to 
allow  it  to  feed  again.  In  this  way  the  carbon  is  fed  down 
a  little  at  a  time,  and  the  feeding  is  brought  about  by  the 
decrease  of  the  cturent  due  to  the  increase  in  the  length  of 
the  arc.  

SERIES  ARC  liAMPS 
32.    The    regulation   of    series    arc    lamps   and    the 

mechanism  necessary  for  their  operation  present  a  dif- 
ferent problem.  In  the  first  place,  when  the  lamps  are  run 
in  series,  the  current  is  always  maintained  at  a  constant 
value,  or  it  should  be  if  the  regulator  on  the  circuit  works 
properly.  Hence,  a  series  magnet  alone  is  not  able  to  do 
the  regulating,  because  its  pull  remains  the  same  no  matter 
what  may  be  the  condition  of  the  arc.  Again,  there  must 
be  some  device  in  the  series  lamp  that  will  preserve  the  con- 
tinuity of  the  circuit  in  case  a  carbon  breaks,  falls  out,  or  the 
circuit  through  the  lamp  becomes  broken  in  any  way.  If 
such  a  device  is  not  provided,  an  open  circuit  in  the  lamp 
will  result  in  all  the  lights  on  the  circuit  going  out.  This 
device  is  called  a  cut-out. 

Although  the  current  through  the  arc  remains  constant  in 
a  series  system,  the  voltage  across  the  arc  increases  as  its 
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length  increases,  and  this  increased  voltage  is  made  to  bring 
about  the  regulation.  Suppose  that  the  simple  lamp  shown 
in  Fig.  23  is  modified  by  extending  the  core  c  downwards 
and  adding  another  coil  Sy  as  shown  in  Fig.  24;  the  start- 
ing resistance  r  can  also  be  omitted,  as  this  is  to  be  a 
series  lamp,  and  there  will  be  no  excess  voltage  to  be  taken 
up.  The  current  is  maintained  at  a  constant  value  and  resist- 
ance is  not  necessary  to  insure  stability  of  operation.  The 
second  coil  S  is  wound  with  a  large  number  of  turus  of  fine 
wire,  so  that  when  it  is  connected  in  shunt  across  the  arc, 


J 


Pio.21 

as  shown,  only  a  small  current  will  flow  through  it.  The 
coils  Sy  S*  pull  c  in  opposite  directions,  and  c  will  always 
take  up  a  position  where  the  two  pulls  are  balanced.  The 
action  of  the  lamp  is  as  follows:  When  the  current  is  ofiE, 
carbons  gy  h  are  in  contact.  Switch  m  is  connected  across 
the  terminals,  and  in  order  to  put  out  the  lamp,  m  is  closed. 
When  the  lamp  is  thrown  into  circuit,  the  main  current  passes 
between^ and  hy  but  since  the  carbons  are  in  contact  there 
will  be  little  or  no  drop  in  potential  between  them,  and  hence, 
practically  no  current  will  pass  through  the  shunt  coil  S. 
Coil  .S  pulls  up  the  plunger,  and  in  so  doing  lifts  the  upper 
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carbon  and  starts  the  arc.  The  instant,  however,  that  the 
carbons  g  and  h  separate,  current  flows  through  S'y  because 
there  is  then  considerable  difference  of  potential  between 
^and  h.  The  result  is  that  as  the  carbons  are  separated, 
the  downward  pull  of  S'  becomes  stronger  until  it  finally 
balances  the  upward  pull  of  5,  when  the  arc  remains  sta- 
tionary. As  the  carbons  burn  away,  the  arc  becomes  longer; 
hence,  its  resistance  increases  and  the  voltage  across  the  arc 
increases.  The  pull  of  S  does  not  change,  because  the  main 
current  is  maintained  constant  by  the  dynamo.  The  pull 
of  S  keeps  increasing  as  the  carbons  burn  away,  and  c  is 
gradually  pulled  down  until  the  lamp  feeds.  As  soon  as  g 
feeds  down  the  pull  of  S*  decreases,  because  the  arc  shortens; 
hence,  the  position  of  c  becomes  again  balanced,  and  so  on, 
the  plunger  c  moving  back  and  forth  through  a  small  range 
between  the  coils.  By  properly  adjusting  the  clutch,  such  a 
lamp  may  be  made  to  keep  the  arc  at  the  proper  length 
within  very  close  limits. 

33.  The  essential  features  of  the  above  lamp  should  be 
carefully  noted,  because  most  series  lamps  depend  for  their 
operation  on  the  use  of  two  coils.  One  of  these,  the  series 
coil,  carries  the  main  current,  and  is  opposed  by  the  shunt 
coil,  which  carries  a  current  depending  on  the  length  of  the 
arc.  The  current  in  the  shunt  coil  depends  only  on  the 
length  of  the  arc  in  each  individual  lamp  and  is  independent 
of  the  condition  of  the  other  lamps.  A  lamp  of  this  kind  is 
known  as  a  differential  lamp^  because  the  position  of  the 
core  c  depends  on  the  difference  in  the  pulls  between  S  and  S. 
The  simple  series  lamp  shown  in  Fig.  24  is  not  provided  with 
an  automatic  cut-out,  but  the  action  of  this  device  will  be 
explained  later  when  some  of  the  different  types  of  lamp  are 
described.  In  some  makes  of  lamp,  the  coarse-wire  and  fine- 
wire  coils  are  both  wound  on  the  same  spools,  and  instead  of 
using  solenoids  with  a  core  that  is  drawn  into  them,  the  coils 
are  provided  with  a  fixed  iron  core  and  arranged  so  as  to 
attract  an  armature  that  releases  the  clutch  or  clockwork 
mechanism,  as  the  case  may  be. 
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34.  Some  series  arc  lamps  are  of  the  so-called  shunt 
type.  The  series  coil  in  these  lamps  is  used  only  to  strike 
the  arc  and  it  does  not  act  in  opposition  to  the  shmit  coil. 
The  feeding  is  brought  about  by  the  shunt  coil  only,  acting 
against  a  spring.  The  old  Thomson-Houston  open-arc  lamp 
described  later  is  of  the  shunt  type,  whereas  the  old  Brush 
open-arc  lamp  is  a  good  example  of  the  differential  class 
where  the  series  coils  and  shunt  coils  are  wound  on  the 
same  cores.  

EXAMPIiES  OF  ARC  liAMPS 


CONSTANT-CURRENT,    OPEN-ARC,    SERIES    LAMPS 

35,  Open-arc  lamps,  using  carbon  electrodes,  are  now 
seldom  used  in  America  for  new  work  and  in  many  cases 
they  are  being  removed  and  replaced  by  lamps  of  the 
enclosed-arc  type.  There  are,  however,  quite  a  large  num- 
ber of  these  lamps  still  in  use,  and  a  short  description  of  the 
two  most  common  types  will  be  given  here.  If  the  opera- 
tion of  these  lamps  is  thoroughly  understood,  the  operation 
of  enclosed-arc  lamps  will  be  easily  grasped,  because  the 
principles  involved  are  the  same  in  both. 

36.  Brusli  Arc  liamp. — Fig.  25  shows  the  connections 
for  a  Brush  double-arc  lamp  intended  for  operation  on  a 
constant-current  series  circuit.  Two  carbons  are  provided  in 
order  that  the  lamp  may  bum  all  night  without  retrimming. 
The  lamp  is  of  the  differential  type,  55  being  the  series 
coils  and  S  S'  the  shunt  coils  wound  on  iron  cores  l,m. 
In  the  lamp  these  coils  are  wound  one  on  top  of  the  other, 
but  they  are  shown  side  by  side  in  Fig.  25  for  the  sake  of 
clearness.  P  and  N  are  the  positive  and  negative  terminals. 
The  poles  of  the  regulating  magnet  are  at  /,  m\  ^  is  an  arma- 
ture that  moves  up  and  down  with  the  rocker  R  hinged  at 
the  points  p,  p.  The  clutches  are  not  shown  in  Fig.  25,  but 
their  operation  will  be  described  later.  The  positive 
carbons  e,  e  are  attached  to  the  carbon  rods  w,  v.  When 
no  current  is  flowing  through   the  lamp,  the  armature  o 
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and  the  rocker  R  are  in  the  lowest  position,  and  the  strip  c 
comes  in  contact  with  the  terminals  /,  y,  thus  cutting  out  the 
lamp  and  allowing  the  current  to  take  the  path  /'-i-S-y-r-r-^. 
C  is  an  auxiliary  cut-out  provided  to  cut  out  the  lamp  when- 
ever the  pressure  across  the  arc  exceeds  70  volts.  It  consists 
of  a  magnet  provided  with  two  windings  a  and  ^,  connected 
as  shown,  and  a  pivoted  armature  d'  that  makes  contact  at  c' 
when  the  magnet  acts.  A  small  amount  of  adjustable  resist- 
ance r'  is  in  shunt  with  the  series  magnet  5.  By  regulating 
this  resistance,  the  pull  of  the  series  magnet  can  be  adjusted; 
r  is  a  small  starting  resistance  connected  in  series  with  the 
cut-out  c. 

37.  First  suppose  that  the  lamp  is  connected  in  circuit  but 
is  short-circuited  by  the  switch  blade  K  on  top  of  the  lamp 
being  placed  on  contact  1,  Under  these  conditions  no  ciurent 
flows  through  the  mechanism,  the  armature  will  be  down,  the 
carbons  in  contact,  and  piece  c  will  connect  i  and  /.  Now, 
suppose  switch  K  to  be  opened;  the  current  will  then  take 
two  paths  as  follows:  /'-r'-^y-w-tf-Z-iV  and  P-l-'2-j-i-r'-N. 
However,  since  S,  S  are  connected  in  shunt  with  r',  a  portion 
of  the  current  will  flow  through  the  series  coils,  taking  the 
path  i-2-/-5-S-:y,  and  the  armature  will  be  lifted,  thus  sep- 
arating the  carbons  and  establishing  the  arc.  As  soon  as 
the  armature  is  raised,  contact  c  leaves  the  terminals  ij  and 
the  current  passing  through  r  is  interrupted,  with  the  excep- 
tion of  the  small  current  that  passes  through  the  fine-wire 
coils  S'  S'.  The  clutch  has  now  lifted  the  carbons  and  the 
lamp  is  in  operation.  One  end  of  the  fine-wire  coil  connects 
to  the  upper  carbon,  as  indicated  at  4,  and  the  shunt  current 
takes  the  path  4-5'-5'-*V-ii-j-r-iV;  thus,  the  coils  5^  S' 
and  b  are  in  series  and  are  connected  in  shunt  with  the  arc. 
Coils  a  and  b  tend  to  raise  the  armature  d'^  but  the  current 
flowing  under  normal  conditions  is  not  sufficient  to  actually 
raise  it.  It  should  be  noticed  that  the  current  circulates 
around  S\  S'  in  a  direction  opposite  to  that  in  5,  5. 

As  the  carbons  bum  away  and  the  arc  becomes  longer, 
the  current  through  the  shunt  coil  increases,  thus  making 
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the  poles  of  the  controlling  magnet  weaker  and  allowing 
the  armature  and  rocker  to  drop  gradually  until  the  clutch 
releases  and  allows  the  carbon  rod  to  slide  down  a  little. 

38.  Fig.  26  shows  the  clutch  used  in  this  lamp.  The 
piece  a  rises  and  falls  with  the  rocker;  when  it  is  raised, 
piece  b  is  clamped  against  the  carbon  rod  by  means  of  the 
small  lever  d^  and  the  movement  of  the  armature  lifts  the 
whole  rod.  When  a  descends,  because  of  the  magnets 
becoming  weaker,  the  whole  clutch  and  rod  move  down 
until  the  piece  e  strikes  the  plate  /;  g  then 
remains  stationary,  while  a  moves  down  a 
little  farther,  thus  moving  the  small  lever  d 
and  unlocking  the  clutch. 


39.     Suppose  that  a  carbon  rod  sticks  in 
some  way  and  fails  to  feed  properly.     The 
arc  gradually  becomes  longer  and  the  volt- 
age across  it  increases  until  the  current  in  the 
Fio.26  shunt  circuit  becomes  much  larger  than  the 

normal  amount;  this  causes  the  armature  d'  of  the  auxiliary 
cut-out  C  to  be  drawn  up  and  contact  made  at  c'.  The  current 
then  takes  the  path  P-l-2-d'-€'-a-i-r-N\  the  series  coils  and 
shunt  coils  are  both  cut  out,  but  the  current  flowing  through  a 
holds  up  d^.  The  cutting  out  of  the  main  coils  causes  the 
rocker  to  drop  and  c  comes  into  contact  with  /  and  /,  thus  cut- 
ting out  the  auxiliary  cut-out.  If  the  dropping  of  the  rocker 
frame  makes  the  carbons  come  together,  part  of  the  current 
will  pass  through  the  series  coils  by  the  path  2-/-5'-S-^-tt- 
e-f-N,  because  in  the  other  path  there  is  the  resistance  r,  and 
the  lamp  will  start  up  again.  If  starting  resistance  r  were  not 
used,  the  path  2-j-c-'i-'N  would  be  of  low  resistance  com- 
pared with  2-j-S-S''3'-u-€'-f-N,  and  the  lamp  would  not 
relight.  If  the  carbon  becomes  broken  or  falls  out,  a  large 
current  will,  for  an  instant,  pass  through  the  fine-wire  coils; 
hence,  ^  will  at  once  rise  and  cut  out  the  lamp.  Of  course, 
in  this  case,  c  will  come  into  contact  with  i  and  /  and  remain 
there,  because  the  carbons  cannot  come  into  contact  again  and 
allow  the  lamp  to  relight.     If  no  cut-out  were  provided,  there 
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would  not  only  be  danger  of  a  break  in  the  circuit,  due  to  the 
carbons  being  broken  or  failing  to  feed,  but  in  addition  the 
shunt  coils  would  be  burned  out  because  the  whole  current 
would,  under  these  circumstances,  pass  through  them. 

40.  One  of  the  clutches  is  adjusted  so  that  it  will  grip 
the  carbon  rod  a  little  before  the  other  when  the  rocker  is 
raised.  This  starts  the  arc  on  that  pair  of  carbons  and  they 
continue  to  bum  until  the  upper  carbon  has  fed  down  to  the 
limit  fixed  by  the  adjustment  of  the  lamp.  When  this  occurs 
the  arc  becomes  long  enough  to  let  the  rocker  down  suffi- 
ciently far  to  operate  the  second  clutch  and  start  the  feeding 
of  the  second  carbon. 

41.  Thorn son-Honston  (T.  H. )  Ijamp. — The  Thomson- 
Houston  lamp  differs  considerably  from  the  differential  lamp 
just  described.  The  series  coil  is  used  only  to  start  the  arc, 
and  when  the  lamp  is  in  operation  under  normal  conditions, 
no  current  flows  through  the  coil.  The  regulation  is  effected 
by  means  of  the  shunt  coil  alone,  and  when  the  lamp  is  not 
burning  the  carbons  are  separated  instead  of  being  together, 
as  is  the  case  with  most  lamps.  Fig.  27  shows  the  connec- 
tions and  general  arrangement  of  the  essential  parts. 
A  and  B  are  the  +  and  —  terminals;  ^^  is  the  carbon  rod 
carrying  the  upper  carbon  m;  the  lower  carbon  n  is  supported 
by  the  lamp  frame,  not  shown  in  the  figure;  /?  is  a  rocker 
frame  pivoted  at  x  and  carrying  an  iron  armature  O.  This 
latter  has  two  holes  in  it,  through  which  the  conical  pole 
pieces  of  the  magnet  project  when  the  armature  is  pulled 
down.  When  the  lamp  is  not  in  operation,  the  frame  is  held 
at  its  highest  position  by  the  adjustable  spring  P;  the 
movements  of  the  rocker  are  steadied  by  the  dashpot  C;  s  is 
one  of  the  series  coils  wound  over  the  shunt  coils  M  of  which 
there  are  two  side  by  side.  The  small  coil  ff,  called  the 
starting  coil,  is  in  series  with  the  carbons  and  its  office  is  to 
cut  the  series  coil  s  into  or  out  of  action.  It  is  provided 
with  a  movable  armature  A',  on  which  is  mounted  the  insu- 
lated contact  /tipped  with  silver;  ^  is  another  silver-tipped 
contact  connected  to  the  point  c.     When  no  current  flows 
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through  H^  e  and  /  are  in  contact;  p  and  r  are  the  cut-out 
contacts,  the  action  of  which  will  be  described  later.  L  is 
the  clutch  and  its  action  is  very  similar  to  the  one  just 
described  for  the  Brush  lamp. 

42.     In  Fig.  27,  the  clutch  L  and  frame  R  are  up  and  the 
carbons  are  drawn  a  short  distance  apart.     In  order  that  the 


PiO.27 


lamp  may  be  started,  m  must  be  lowered  so  as  to  touch  «,  as 
follows:     At  the  instant  that  the  current  is  turned  on,  e  and  / 
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are  in  contact,  because  no  current  is  flowing  through  H\ 
hence,  as  soon  as  the  ciurent  passes,  it  takes  the  path  A-b 
through  the  series  coil  s-c-e-f-g-B.  Practically,  no  current 
will  go  from  c  through  the  shunt  coil  to  B,  because  of  the 
high  resistance  of  this  path  compared  with  the  other.  As 
soon  as  the  current  passes  through  5,  the  rocker  is  pulled 
down  and  the  clutch  is  released,  bringing  the  carbons  into 
contact  and  allowing  part  of  the  current  to  take  the 
path  A-b-H-E-m-n-B.  As  soon  as  current  passes  through 
H,  the  armature  K  is  attracted,  thus  separating  e  and  /  and 
cutting  off  the  current  through  the  series  coil  s  with  the 
exception  of  the  small  current  through  the  shunt  coil  M. 
The  rocker  rises  and  carries  with  it  the  upper  carbon,  thus 
separating  the  carbons  and  starting  the  arc.  As  soon, 
however,  as  the  carbons  are  separated,  there  is  considerable 
difference  of  potential  across  the  arc;  hence,  the  shunt  coil  M 
takes  its  normal  current  and  holds  the  rocker  at  the  proper 
point  to  give  the  length  of  the  arc  for  which  the  lamp  is 
adjusted.  It  is  thus  seen  that  the  series  coil  is  cut  out  after 
the  arc  has  been  started. 

The  lamp  is  now  burning,  and  as  the  arc  grows  longer  the 
puU  of  the  shunt  coil  increases  and  the  rocker  is  gradually 
pulled  down  until  the  shoe  /  of  the  clutch  comes  against  the 
stop,  and  any  further  movement  causes  the  rod  E  to  slide 
down  a  little.  The  pull  due  to  the  shunt  coil  decreases  with 
the  shortened  arc,  and  the  rocker  rises  to  its  normal  position. 
The  feeding  is  thus  brought  about  by  the  action  of  the  shunt 
magnet  working  against  the  spring  P. 

43.  If  the  carbons  should  stick  and  fail  to  feed,  the  arc 
will  gradually  grow  longer  until  the  pull  exerted  by  the 
shunt  magnet  will  be  sufficient  to  bring  the  cut-out  contact  p 
down  against  r.  The  current  will  then  take  the  path  A-^ 
r^E-^m-n-g-B  in  preference  to  passing  through  H\  K  will 
rise  and  bring  e  and  /  in  contact.  The  current  will  then  take 
the  path  A-b-s-c-e-f-g-B',  the  series  coil  will  hold  down 
the  armature  and  the  lamp  will  be  cut  out  unless  the  move- 
ment of  the  rocker  releases  the  rod  and  allows  the  carbon  to 
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feed,  in  which  case  the  lamp  wiU  continue  to  burn  and 
rocker  R  will  rise  again,  thus  separating  p  and  r.  If  a 
carbon  falls  out,  the  current  through  the  shunt  will  suddenly 
increase  and  the  current  through  H  will  be  interrupted, 
R  will  be  pulled  down,  and  K  will  rise,  the  final  result  being 
that  the  lamp  is  cut  out. 

44.  When  the  lamp  is  to  be  switched  out,  switch  W  is 
used.  This  takes  the  form  of  a  cam  V  operated  by  the 
lever  u.  When  the  handle  is  turned  to  one  side,  the  cam 
comes  against  the  casting  that  carries  the  upper  cut-out  con- 
tact, and  thus  establishes  a  short  circuit  from  terminal  to 
terminal.  Most  series  lamps  of  the  types  just  described  take 
about  9.6  amperes  for  the  2,000-nominal-candlepower  size 
and  6.6  amperes  for  the  1,200-candlepower  size.  The  pres- 
sure across  the  arc  is  from  40  to  50  volts  and  the  carbons 
are  generally  iV  inch,  \  inch,  -h  inch,  or  f  inch  in  diameter. 


CONSTANT-CURRENT,    ENCLOSED-ARC,    SERIES    liAMPS 

45.  Voltagre  Required  by  Enclosed-Arc,  Series 
liamps, — As  stated,  the  enclosed  arc  is  much  longer  than 
the  open  arc;  the  lamps,  therefore,  take  a  rather  small  cur- 
rent and  the  voltage  across  the  arc  is  high.  This  is  a 
decided  advantage  where  lamps  are  operated  in  parallel  on 
constant-potential  systems,  where  the  pressure  is  nearly 
always  higher  than  that  actually  required  by  the  lamp  and 
the  excess  voltage  has  to  be  taken  up  by  a  resistance  or 
choke  coil.  When,  however,  it  comes  to  operating  lamps  in 
series,  the  high  voltage  across  the  arc  becomes,  to  a  certain 
extent,  a  disadvantage.  It  means  that  for  a  given  number 
of  lamps  operated  on  a  circuit,  the  pressure  at  the  terminals 
of  the  circuit  must  be  higher  for  enclosed  arcs  than  for  open 
arcs.  This  makes  it  difficult  to  operate  a  large  number  of 
lamps  from  one  machine,  but  by  using  the  multicircuit 
arrangement  the  pressure  applied  to  each  circuit  can  be  kept 
down.  It  must  be  remembered,  however,  that  where  these 
high  voltages  are  used  the  line  insulation  must  be  thoroughly 
good,  and  attempts  to  use  these  pressures  on  old  lines  having 
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poor  insulation  have  resulted  in  continual  trouble,  to  say 
nothing  of  the  danger  involved. 

46.  Alternating- Current,  Enclosed -Arc,  Series 
liamps. — Enclosed  arcs  are  often  operated  in  series  by 
constant  current  on  alternating-current  systems;  i.  e.,  the 
alternating  current  through  the  series  of  lamps  is  maintained 
at  a  constant  value.  The  lamps  used  do  not  differ  essen- 
tially from  those  for  constant  direct-current  circuits,  except 
that  all  magnet  cores  and  armatures  are  laminated  to  prevent 
heating  due  to  eddy  currents,  and  the  mechanism  is  designed 
so  as  to  avoid  disagreeable  humming.  The  methods  for 
supplying  current  to  alternating-current  series  lamps  and  the 
arrangements  for  maintaining  the  current  at  constant  value 
will  be  taken  up  when  the  subject  of  station  apparatus  is 
considered. 

47.  Current. — Enclosed-arc  series  lamps  are  ordinarily 
operated  at  about  6.6  amperes,  and  the  voltage  per  lamp  is 
from  70  to  78  volts,  depending  on  the  length  of  arc  for  which 
the  lamp  is  adjusted.  These  lamps  have  also  been  bui4t  for 
a  ctirrent  as  large  as  8  amperes,  with  a  correspondingly 
lower  voltage,  but  the  values  given  are  the  ones  commonly 
met  with. 

48.  Enclosed- Arc  Ijamp  Construction. — The  mech- 
anism of  an  enclosed-arc  lamp  generally  contains  the  same 
essential  features  as  the  corresponding  open-arc,  but  in  most 
cases  the  arrangement  is  simpler.  The  open-arc  lamp  must 
be  fed  frequently,  because  the  carbons  burn  at  a  compara- 
tively rapid  rate  and  the  clutch  or  other  feeding  mechanism 
must  be  accurately  adjusted  and  kept  in  good  condition  if  the 
lamp  is  to  bum  steadily.  For  this  reason,  the  upper  carbon 
of  an  open-arc  lamp  is  attached  to  a  carbon  rod  on  which  the 
clutch  operates,  and  which  is,  or  should  be,  kept  in  a  clean, 
polished  condition.  The  current  is  generally  carried  to  the 
top  carbon  by  means  of  a  copper  brush  pressing  against  the 
rod.  In  the  enclosed-arc  lamp,  the  operation  of  feeding 
takes  place  at  comparatively  long  intervals,  and  the  feeding 
mechanism  does  not  need  to  be  so  delicately  adjusted.     It  is, 
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therefore,  common  practice  to  have  the  clutch  operate  directly 
on  the  carbon  and  to  dispense  entirely  with  the  carbon  rod. 
Such  lamps  are  said  to  have  a  carbon  feed.  The  doing  away 
with  the  carbon  rod  makes  the  construction  simpler  and 
cheaper,  besides  allowing  the  lamp  to  be  made  shorter  than 
is  usual  where  a  carbon  rod  is  used.     On  account  of  the  long 

arc  common  to  enclosed- 
arc  lamps,  their  mecha- 
nism must  be  arranged  so 
that  it  will  have  a  long 
pick-up;  i.  e.,  when  the 
lamp  starts  up  the  mecha- 
nism must  be  such  as  to 
pull  the  carbons  a  consid- 
erable distance  apart.  In 
the  case  of  series  lamps,  an 
automatic  cut-out  must,  of 
course,  be  provided.  In 
some  of  the  latest  types 
of  enclosed-arc  lamps,  the 
series  regulating  coil  is 
made  of  copper  strip  wound 
on  edge  and  insulated  with 
sheet  mica  between  the 
turns.  A  coil  so  con- 
structed radiates  the  heat 
readily  and  is  more  sub- 
stantial than  one  wound  in 
the  usual  way  with  cotton- 
covered  wire. 

In  taking  up  the  subject  of  enclosed-arc  lamps,  we  will 
confine  our  attention  to  two  or  three  typical  examples 
that  will  serve  to  bring  out  the  essential  points  relating  to 
their  construction  and  operation.  The  number  of  different 
makes  of  enclosed-arc  lamp  is  very  large,  but  they  differ 
from  each  other  principally  in  details  of  construction.  The 
principles  of  operation  are  about  the  same  in  all  of  them, 
and  the  following  are  not  selected  because  they  operate  any 
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better  than  several  others,  but  because  they  will  serve  to 
bring  out  the  points  aimed  at. 

49.  General  Electric  Ijamp  for  Constant  Alter- 
natlnsr  Current. — Fig.  28  shows  the  general  arrangement 
of  a  General  Electric  lamp  designed  for  operation  on  a  con- 
stant alternating-current  circuit.     There  are  two  series  coils 

and  two  shunt  coils;  only 
one  of  each  shows  in  the 
figure  since  the  two  coils 
are  in  line.  Each  pair  of 
coils  has  a  U-shaped,  lami- 
nated-iron core  attached 
to  either  end  of  a  rocker 
to  which  the  clutch  is  at- 
tached. Current  is  carried 
to  the  upper  carbon  by 
means  of  a  flexible  cable 
that  folds  up  in  the  carbon 
tube  and  the  voltage  at 
which  the  arc  operates  is 
adjusted  by  an  adjustable 
weight  on  the  rocker.  A 
starting  resistance  and 
cut-out  are  provided,  the 

Fig.  30  ,.  r      ,  •  i.  • 

operation  of  which  is  prac- 
tically the  same  as  described  for  the  Brush  lamp.  The  lamp 
is  of  the  differential  type,  the  series  coils  and  shunt  coils 
working  against  each  other  through  the  rocker-arm.  As  in 
practically  all  enclosed-arc  lamps,  a  dashpot  is  provided  to 
steady  the  movements  of  the  mechanism. 

50.  Western  Electric  Ijamp. — Fig.  29  shows  two 
views  of  the  Western  Electric  series  arc  lamp  for  constant 
alternating  current  and  Fig.  30  is  a  diagram  of  connections. 
The  lamp  is  of  the  differential  type.  The  terminals  are  at 
a  and  b\  c  is  the  short-circuiting  switch;  d,  the  series  coils; 
and  Cy  the  shunt  coils.  A  U-shaped,  laminated  core  works  up 
and  down  in  each  pair  of  coils  and  the  arc  is  adjusted  by 
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weights  attached  to  the  rocker  so  that  they  can  be  screwed 
in  and  out.  In  this  lamp,  the  enclosing  globe  is  closed  at 
the  bottom  and  the  lower  carbon  is  supported  from  the  top. 
An  automatic  cut-out  is  provided  at  /  and  the  starting  resist- 
ance is  located  at  g. 

Enclosed-arc  series  lamps  for  constant  direct  current  are 
much  the  same  in  construction  as  the  alternating-current 
lamps.  In  direct-current  lamps,  it  is  not  essential  to  have 
the  magnet  cores  laminated.  All  alternating-current  lamps 
have  some  inductance,  hence  their  power  factor  is  less  than 
unity  (see  Table  II).  The  fact  that  alternating-current  arc 
lamps  constitute  an  inductive  load  is  to  a  certain  extent  a 
disadvantage,  but  the  use  of  alternating  current  for  arc 
lighting  presents  enough  advantages  to  more  than  outweigh 
the  disadvantages  of  an  inductive  load.  The  arc  itself  is 
non-inductive,  but  there  is  always  a  certain  unavoidable 
amount  of  inductance  in  the  magnet  windings. 


CONSTANT-POTENTIAL,,    BIRECT-CUBBENT    LAMPS 

61.  The  mechanism  of  the  constant-potential, 
enclosed-arc  lamp  is,  as  a  rule,  very  simple.  The  feeding 
is  controlled  by  a  magnet  connected  in  series  and  there  is  no 
need  of  a  cut-out.  The  lamp  should,  however,  be  connected 
to  the  circuit  through  fuses,  so  that  it  will  at  once  be  discon- 
nected in  case  of  a  short  circuit  anywhere  in  the  mechanism. 
The  series  controlling  magnet  is  usually  arranged  so  that  it 
attracts  a  core  or  plunger  against  the  action  of  gravity. 

52.  General  Electric  Ijamp. — Fig.  31  (a)  shows  a 
General  Electric  constant-potential,  direct-current  lamp  with 
the  casing  removed.  The  magnets  M  are  in  series  and 
arranged  so  as  to  pull  up  the  plunger  p  to  which  the  clutch 
rod  is  attached;  the  movements  are  dampened  by  means  of 
the  dashpot  d.  R  is  the  resistance  wound  on  a  porcelain 
cylinder  and  connected  in  series;  by  varying  /?,  the  voltage 
at  the  arc  can  be  adjusted.  Fig.  31  {b)  shows  the  connec- 
tions which  are  very  simple.  Switch  W  cuts  out  the  lamp 
by  opening  the  circuit  through  it,  not  by  short-circuiting  it,  as 
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in  the  case  of  constant-current  lamps.  Current  enters  at  P 
and  flows  through  the  resistance  and  series  coils  to  the  upper 
carbon,  thence  to  the  lower  carbon  to  N.  This  pulls  up  the 
core  and  separates  the  carbons.  As  they  bum  away,  the  cur- 
rent becomes  weaker  and/  gradually  lowers  until  the  clutch  is 


Pio.81 

released  and  the  lamp  feeds.  The  resistance  is  provided  with 
a  sliding  contact,  so  that  the  lamp  can  be  adjusted  for  pres- 
sures varying  from  100  to  120  volts.  The  series  coils  are  pro- 
vided with  two  connections  1, 1'  and  2, 2',  so  that  the  lamp  can 
be  made  to  operate  at  4i  to  5  amperes  or  3i  to  4  amperes. 
When  the  larger  current  is  used,  the  connections  are  as  shown 
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in  the  figure,  because  fewer  turns  are  then  needed  to  operate 
the  plunger.  Solid  carbons  t  inch  in  diameter  are  generally 
used,  and  the  voltage  at  the  arc  is  about  80,  leaving  20  to 
40  volts  to  be  taken  up  in  the  resistance.  With  i-inch  car- 
bons, the  lamp  will  bum  130  to  150  hours  without  retrimming. 
Fig.  32  (a)  is  a  view  of  a  later  type  of  General  Electric 
lamp  and  (d)  shows  the  connections.  Corresponding  parts 
in  Figs.  31  and  32  are  lettered  alike.     The  distinguishing 


(a)  (b> 
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feature  of  this  lamp  is  that  both  the  regulating  and  resist- 
ance coils  are  made  of  bare  metal  strip  wound  on  edge 
with  the  turns  separated  by  insulating  material  that  is  prac- 
tically unaffected  by  heat.  This  construction  makes  very 
substantial  coils  and  the  heat  is  conducted  from  the  inner 
part  and  radiated  from  the  outside  surface  much  more  readily 
than  with  coils  wound  with  cotton-insulated  wire. 

53.     Western  Electric  liamp. — Fig.  33  shows  the  con- 
nections  for   a   Western   Electric   constant-potential   lamp. 
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Current  enters  at  the  positive  terminal  and  passes  through 
switch  a,  upper  carbon  by  lower  carbon  c,  coil  d,  adjustable 
connection  e,  coil  /,  adjustable  resistance  g,  and  out  at  the 
negative  terminal.     The  arc  voltage  is  adjusted  by  varying 

the  resistance^,  and  the  number 
of  active  turns  in  the  regulating 
coils  can  be  changed  by  moving 
the  cross-wire  e  to  the  upper  or 
lower  pair  of  coil  terminals. 


I 
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Fig.  33 


CONSTANT-POTENTIAL.,  ALTER- 
NATING-CURRENT   LAMPS 

54.  Fig.  34  shows  the  ar- 
rangement of  a  constant- 
potential,  alternating -cur- 
rent lamp.  The  principal 
distinguishing  feature  of  the 
alternating-current  lamp  is"  the 
use  of  the  reactance,  or  choke, 
coil  L  in  place  of  the  resistance. 
This  consists  of  a  laminated- 
iron  core  a  on  which  coils  b  are 
wound.  The  coils  are  connected 
in  series  and  the  ends  1,  2,  5,  4, 
etc.  left  so  that  the  wire  A  can  be  connected  at  difiEerent 
points.  This  allows  the  lamp  to  be  adjusted  for  a  con- 
siderable range  of  voltage  and  frequency.  The  reactance 
coil  sets  up  a  counter  E.  M.  F.,  and  thus  introduces  an 
apparent  resistance  into  the  circuit,  which  counterbalances 
the  excess  voltage  and  makes  the  lamp  stable  in  its  opera- 
tion. The  reactance  coil  is  more  economical  than  a  resist- 
ance, but  it  and  the  series  magnets  introduce  self-induction 
into  the  circuit.  The  frequency  should  not  be  below  60 
cycles  per  second  for  satisfactory  operation.  This  lamp 
will  operate  anywhere  from  60  to  140  cycles;  it  takes  about 
72  volts  at  the  arc  and  burns  from  80  to  100  hours.  The 
upper  carbon  is  cored  and  the  lower  carbon  solid. 
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MUIiTIPL.£.SERIE8.    ENCLOSKD-ARC    LAMP 

55.  Fig.  35  shows  a  Western  Electric  constant-potential 
lamp,  five  of  which  are  operated  in*  series  on  550-volt,  direct- 
current  railway  circuits.     It  is  a  differential  lamp  provided 
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with  an  automatic  cut-out  at  a.  When  the  lamp  cuts  out,  the 
current  passes  through  both  resistances  r  and  r,.  Resistance 
r  is  not  in  circuit  during  the  regular  operation  of  the  lamp, 
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but  when  the  cut-out  operates  this  resistance  takes  the  place 
of  the  arc  and  prevents  the  other  four  lamps  in  the  series 
from  an  excessive  flow  of  current.    The  resistance  r.  is  in 

shunt  with  the  series  coil  and 
is  used  to  reg^ulate  the  pull 
exerted  by  the  coil. 


FLAMING    ABC    LAMPS 

56.     Bremer  Ijamp, — In 

the  ordinary  arc  lamp  using 
carbon  electrodes,  very  little 
light  is  given  off  from  the  arc 
itself.  The  bulk  of  the  light 
comes  from  the  highly  heated 
carbon  points  and  in  direct-cur- 
rent lamps  the  crater  formed 
in  the  positive  carbon  is  the 
source  of  most  of  the  light. 
The  large  amount  of  light 
emitted  is  due  to  the  high  tem- 
perature attained  by  the  carbon 

Fig.  35  ^    ,  '' 

points.  Many  attempts  have 
been  made  to  produce  arc  lamps  in  which  the  light  is 
given  off  from  the  arc  itself,  the  electrodes  being  worked 
at  a  comparatively  low  temperature,  thus  securing  a  high 
efficiency  and  long  life.  In  the  Bremer  lamp  certain 
non-conducting  metallic  salts,  as,  for  example,  calcium 
fluoride,  are  incorporated  in  the  positive  carbon  and  are 
given  off  as  vapor  when  the  lamp  is  in  operation,  thus 
causing  the  arc  to  give  off  a  large  amount  of  light  of  a 
reddish-yellow  color.  Lamps  of  this  type  have  been  experi- 
mented with  for  some  time  but  have  not  as  yet  been  com- 
mercially adopted  to  any  great  extent. 

57.  Magnetite  Arc  ILiamp. — The  magnetite  arc  lamp 
developed  by  Mr.  C.  P.  Steinmetz  is  a  type  of  direct-current 
lamp  where  the  light  is*  given  off  from  the  arc.  In  this 
lamp,  the  electrodes  give  no  light  at  all  but  the  arc  is  long 
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and  brilliant,  emitting:  a  light  that  is  nearly  white  in  color. 
The  electrode  that  is  consumed  consists  for  the  most  part 
of  magnetite  or  black  oxide  of  iron.  The  magnetite  in  the 
form  of  powder  is  compressed  in  a  thin  iron  tube  and  has  a 
certain  quantity  of  titanium  compounds  mixed  with  it  to 
increase  the  steadiness  of  the  arc  and  improve  its  brilliancy. 
The  magnetite  stick  is  about  8  inches  in  length  and 
i  or  f  inch  diameter.  An  8-inch  electrode  will  bum  150  to 
200  hours  without  difficulty.  The  magnetite  constitutes  the 
negative  electrode  of  the  lamp  and  is  arranged  below  the 
positive  electrode,  which  consists  of  a  copper  segment  that 
is  not  burned  away  during  the  action  of  the  lamp.  The 
copper  block  conducts  the  heat  away  so  rapidly  that  it  does 
not  become  hot  enough  to  melt. 

When  the  lamp  is  in  operation  the  magnetite  vapor 
between  the  electrodes  is  highly  incandescent  and  the  arc, 
which  is  from  |  to  Ij  inch  in  length,  emits  a  brilliant  light. 
A  chimney  that  passes  up  through  the  lamp  has  its  lower 
opening  directly  above  the  arc  so  that  the  particles,  or  fine 
smoke,  given  ofiE  from  the  magnetite  stick  can  pass  up 
through  the  chimney  and  out  at  the  top  of  the  lamp.  Out- 
side of  this  chimney  and  the  copper  segment  used  for  the 
positive  electrode,  the  construction  of  the  lamp  is  very  simi- 
lar to  that  of  an  ordinary  enclosed-arc  lamp.  The  arc  is, 
however,  not  enclosed;  the  electrode  material  is  already  an 
oxide,  hence  there  is  no  need  of  providing  an  enclosing 
globe  to  prevent  access  of  air  and  consequent  oxidation. 
The  lamp  operates  on  4  amperes  at  80  volts,  or  takes 
320  watts,  and  it  is  claimed  gives  a  greater  illumination 
than  an  ordinary  enclosed-arc  lamp  consuming  460  watts. 
These  lamps  have,  however,  not  been  used  commercially  to 
a  sufficient  extent  to  enable  a  fair  comparison,  under  all  con- 
ditions of  service,  to  be  made. 
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SPECIAIi  APPIilCATIONS  OF  ARC  liAMPS 

58.  Arc  lamps  are  extensively  used  for  stag^e  illumina- 
tion in  theaters,  for  photoengraving  work,  blueprinting, 
searchlights,  or,  in  fact,  any  work  where  a  strong  light 
is  necessary.  For  most  of  this  work,  the  ordinary  styles  of 
arc  lamps  are  not  suitable,  because  such  lamps  are  not  of  the 
focusing  type.  For  projection  work,  it  is  necessary  to  keep 
the  arc  in  a  fixed  position;  in  some  cases  this  is  accomplished 


^^ 


(a)  (b) 
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by  hand  feeding,. while  in  others  the  feeding  is  automatic. 
Fig.  36  (a)  shows  an  automatic  focusing  lamp  and  {b)  a 
hand-feed  focusing  lamp.  The  lamp  (a)  is  usually  mounted 
on  a' stand  and  provided  with  accessories  to  suit  it  for  what- 
ever kind  of  work  it  is  used.  It  is  designed  for  20  amperes 
and  is  operated  on  direct-current  circuits  of  75  to  125  volts. 
The  hand-feed  lamp  shown  in  (^)  also  operates  normally  at 
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20  amperes,  but  by  using  larger  carbons,  currents  up  to 
50  amperes  may  be  employed.  The  hand-feed  lamp  may 
also  be  operated  with  alternating  current,  but  the  alter- 
nating current  is  not  very  satisfactory  for  use  in  projection 
work.  The  hum  caused  by  the  arc  is  often  very  annoying, 
and  moreover  the  arc  is  continually  shifting  around.  In 
both  lamps  shown  in  Fig.  36,  the  carbons  are  fed  together  by 
screws  and  the  rate  of  movement  is  adjusted  so  that  the  arc 
always  remains  stationary.  If  a  lamp  is  to  be  used  for  short 
intervals  only,  the  hand  feed  will  be  found  quite  satisfactory, 
because  it  is  simple,  cheap,  and  not  liable  to  get  out  of  order. 
If,  however,  the  lamp  is  to  be  used  for  long  runs,  it  is  better 
to  have  an  automatic  feed.  The  lamp  in  Fig.  36  (a)  is  fed 
by  the  screw  a,  which  is  rotated  by  means  of  the  lamp 
mechanism  contained  in  the  case  below.  In  (^),  the  carbons 
are  regulated  by  turning  the  knobs  a,  a. 

69.  When  these  lamps  are  run  on  a  regular  110- volt 
circuit,  a  rheostat  must  be  inserted  in  series  with  them  in 
order  to  take  up  the  excess  voltage.  The  rheostat  should 
be  capable  of  carrying  the  current  required  by  the  lamp 
without  undue  heating,  and  should  have  enough  resistance 
to  give  a  maximum  drop  of  about  70  to  80  volts  when  used 
on^llO-volt  circuits.  About  20  to  30  volts  of  this  drop 
should  be  adjustable,  so  that  the  current  taken  by  the  arc 
can  be  kept  at  the  proper  amount.  For  example,  a  lamp 
taking  20  amperes  should  have  about  3i  ohms  in  the 
rheostat,  and  at  least  1  ohm  of  this  should  be  split  up  into 
10  or  15  sections  and  connected  to  a  regular  rheostat  switch 
so  that  a  good  adjustment  can  be  obtained.  A  10-ampere 
lamp  will  require  about  7  ohms  in  the  rheostat,  and 
2   or  3   ohms   of   this   should  be   adjustable. 


SBARCHIilGHTS 

60.  A  searcUlgrlit  is  designed  to  concentrate  the  rays 
emitted  from  the  crater  of  the  positive  carbon  and  project 
them  so  that  they  will  be  parallel  to  each  other.  A  beam  of 
light  that  does  not  spread  out  will  illuminate  objects  at  great 
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distances,  because  the  intensity  of  such  a  beam  does  not  fall 
off  with  the  square  of  the  distance  as  does  the  light  from 
an  ordinary  source.  In  fact,  if  all  the  rays  were  exactly 
parallel  and  the  mirrors  perfect  and  if  there  were  no  absorp- 
tion of  light  by  the  atmosphere,  the  intensity  of  the  beam 
would  not  diminish  at  all.  As  a  matter  of  fact,  it  does 
diminish  to  an  extent  that  depends  very  largely  on  the  con- 
dition of  the  atmosphere. 

61.  Searclillgrlit  liamp. — Fig.  37  shows  a  type  of  lamp 
used  both  for  commerical  and  naval  searchlights.  In  this 
lamp  the  carbons  are  horizontal,  the  positive  carbon  being 
larger  than  the  negative  and  pointing  directly  at  the  mirror. 
The  lamp  has  a  ratchet  feed  and  is  provided  with  two 
magnets — a  series  magnet  that  serves  to  strike  or  start  the 
arc  and  a  shunt  magnet  that  works  the  ratchet  feed. 

Referring  to  Fig.  37,  the  shunt  magnet  is  shown  at  G  and 
the  series  magnet  at  K.  P  is  the  positive  carbon  and  N  the 
negative,  it/"  is  a  small  switch  for  cutting  off  the  current 
from  the  shunt  coil  when  it  is  desired  to  feed  the  lamp  by 
hand.  The  lamp  may  be  fed  by  hand  by  slipping  on  a  crank- 
wrench  at  R.  Screw  D  feeds  the  negative  carbon  and  E  the 
positive,  the  two  screws  being  geared  together  at  •/.  Cur- 
rent is  led  into  the  lamp  by  means  of  two  sliding  contacts  A^ 
one  of  which  is  shown  in  the  figure,  the  other  being  directly 
behind  A  on  the  other  side  of  the  lamp.  H  is  the  armature 
of  the  shunt  magnet  and  /'the  pawl-and-ratchet  mechanism 
by  which  screw  E  is  turned.  The  lamp  for  a  30-inch  pro- 
jector takes  from  75  to  90  amperes,  and  for  an  18-inch  pro- 
jector from  25  to  35  amperes.  The  working  current  varies 
with  the  size  of  the  lamp  and  also  with  the  size  of  the  car- 
bons used.  The  voltage  required  at  the  lamp  is  usually 
from  45  to  49  volts  and  the  feed  will  frequently  operate 
when  a  pressure  of  50  volts  is  reached. 

62.  The  method  of  operating  the  lamp  is  as  follows: 
The  carbons  are  adjusted  by  the  crank-wrench  to  a  separa- 
ting distance  of  about  \  inch.  The  switch  M  is  then  closed. 
The  main  switch  is  closed  next,  and  as  no  current  can  pass 
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between  the  carbons,  the  voltage  between  them,  and  hence 
the  voltage  across  the  shunt  magnet  G,  must  be  equal  to  the 
full-line  voltage;  armature  H  is  therefore  attracted  and  the 
current  through  the  shunt  circuit  is  broken  by  the  contact 
device  b  and  the  armature  falls  back  again  making  contact. 
The  armature  H^  therefore,  vibrates  rapidly  and  works  a 
pawl  that  shoves  the  ratchet  F  around  and  feeds  the  carbons 
together.  The  screws  are  geared  together,  so  that  screw  D 
revolves  one-half  as  fast  as  E,  As  soon  as  the  ratchet  feed 
brings  the  carbons  into  contact,  a  heavy  current  flows  for  a 
short  interval  and  the  series  coils  K  pull  back  the  armature  a 
and  thus  start  the  arc.  As  the  carbons  burn  away,  the 
voltage  across  G  increases  until  the  ratchet  feed  operates 
and  moves  the  carbons  a  little  nearer  together.  The  point 
of  feeding  can  be  adjusted  by  means  of  the  spring  c  and  the 
length  of  the  arc  by  means  of  nuts  d.  The  positive  carbon 
holder  is  provided  with  vertical  and  horizontal  adjustments, 
so  that  it  can  be  accurately  lined  up. 


CARE  AND  ADJUSTMENT  OF  ARC  IjAMPB 

63.  General  Remarks. — If  an  arc  lamp  is  kept  clean, 
and  if  the  current  and  voltage  at  which  it  is  operated  are 
maintained  at  the  values  for  which  it  is  designed,  it  will  give 
little  trouble.  This  assumes,  of  course,  that  the  lamp  is  sub- 
stantially made.  The  older  styles  of  open-arc,  series  lamps 
were  usually  heavily  built  and,  as  a  rule,  gave  good  service. 

64.  Trimming. — Most  open-arc,  series  lamps  are  pro- 
vided with  a  carbon  rod  on  which  the  clutch  operates.  If 
this  rod  is  dirty  or  greasy,  the  clutch  will  not  work  properly 
and  the  lamp  will  give  poor  service.  When  trimming  the 
lamp,  the  rods  should  never  be  pushed  up  when  they  are  in 
a  dirty  condition. 

Dirt  on  the  rod  is  apt  to  cause  pitting,  due  to  the  burning 
action  of  the  current  where  it  passes  into  the  rod  from  the 
contact  spring  or  bushing.  .  If  the  rods  are  at  all  dirty,  they 
should  be  rubbed  down  with  a  piece  of  worn  crocus  cloth. 
When  trimming  the  lamp,  care  should  be  taken  to  see  that 
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the  carbons  are  of  the  proper  length.  Lack  of  care  in  this 
particular  is  often  responsible  for  burned  carbon  rods  and 
carbon  holders,  'the  carbons  should  be  placed  so  that 
they  are  vertically  in  line  with  each  other,  and  the  upper 
carbon  must  have  enough  vertical  play  to  allow  the  lamp 
to  pick  up  its  arc. 

65.  Adjastments. — The  principal  points  to  look  out 
for  in  adjusting  an  arc  lamp  are  to  see  that  the  arc  bums  at 
the  proper  length  and  that  the  carbon  is  fed  down  smoothly 
without  any  hissing  or  flickering.  For  an  ordinary  1,200 
nominal  candlepower,  open-arc  lamp,  the  arc  should  be  about 
A*  inch  in  length;  for  a  2,000-candlepower,  from  tV  inch  to 
A  inch.  The  exact  length  will  depend  somewhat  on  the 
quality  of  the  carbons.  If  the  arc  is  too  short,  it  is  liable  to 
hiss,  or  if  the  current  is  too  large,  hissing  is  apt  to  result. 
An  arc  that  is  too  long  will  flame  badly  and  the  lamp  will 
take  more  voltage  than  it  should.  Poor  quality  of  carbons 
will  also  cause  flaming  or  hissing.  The  length  of  arc  and 
the  feeding  point  can  be  regulated  by  proper  adjustment  of 
the  clutch.  Directions  for  adjusting  each  particular  make 
of  lamp  are  furnished  by  the  makers,  but  as  a  rule  such 
adjustments  are  easily  learned  by  an  inspection  of  the  lamp 
itself.  In  some  cases  the  clutch  and  rod  may  become  so 
worn  that  they  must  be  replaced  before  a  satisfactory  opera- 
tion can  be  obtained. 

A  good  method  to  follow  in  adjusting  lamps  is  to  connect 
an  ammeter  in  series  and  a  voltmeter  across  the  terminals 
of  the  lamp.  First  see  that  the  dynamo  is  maintaining  the 
proper  current  in  the  circuit.  If  it  is  not  doing  so,  the  regu- 
lator should  be  adjusted  until  it  does.  The  lamp  should  be 
hung  in  some  place  where  it  will  not  be  exposed  to  drafts  of 
air,  because  such  drafts  may  cause  the  arc  to  hiss  or  flame 
even  if  it  is  properly  adjusted.  A  rack  should  be  provided 
for  supporting  the  lamps  at  such  a  height  that  the  mecha- 
nism may  be  easily  inspected.  By  watching  the  fluctuations 
of  the  voltmeter  as  the  lamp  bums,  a  good  idea  may  be 
formed  as  to  the  smoothness  with  which  the  lamp  feeds. 
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A  recording  voltmeter  is  very  convenient  for  this  work,  as 
the  lamp  may  be'  left  to  itself  for  some  time,  and  the  volt- 
meter will  draw  a  chart  indicating  the  variations  in  voltage 
during  the  test. 

66.  Burned-Out  Coils. — The  controlling  coils  of  series 
arc  lamps  are  frequently  burned  out  and  have  to  be  rewound. 
Bum-outs  may  arise  from  a  number  of  different  causes. 
Lightning  is  frequently  responsible  for  them,  as  it  breaks 
down  the  insulation  of  the  lamp  or  punctures  the  insulation 
between  the  layers  of  the  winding.  One  of  the  most  frequent 
causes  of  burned-out  shunt  spools  is  a  defective  cut-out.  If 
the  carbons  stick  and  the  cut-out  fails  to  work,  the  arc  grows 
so  long  that  the  current  in  the  shunt  coils  becomes  exces- 
sive, and  they  are  sure  to  be  burned  out.  The  cut-out 
contacts  should  be  kept  in  good  condition,  and  if  burned 
or  oxidized,  they  should  be  carefully  cleaned.  Neglect  to 
look  after  the  cut-out  part  of  the  lamp  will  surely  result  in 
the  rewinding  of  shunt  spools,  and  as  these  are  wound  with 
fine  wire  they  are  a  comparatively  expensive  part  to  repair. 
In  some  lamps,  the  action  of  the  cut-out  depends  on  the 
movement  of  the  rocker;  hence,  it  is  important  to  see  that 
the  frame  moves  freely.  If  the  lamp  is  improperly  adjusted 
so  that  it  burns  with  an  abnormally  long  arc,  the  current 
through  the  shunt  will  be  greater  than  it  should  be.  This 
will  cause  the  coils  to  overheat,  and  while  it  may  not  result 
in  a  burn-out  at  once,  it  is  very  apt  to  lead  to  it  in  time 
by  causing  deterioration  of  the  insulation  and  consequent 
short-circuiting  between  layers.  A  similar  result  may  be 
caused  by  the  line  current  being  above  the  normal,  and  in  this 
case  the  series  coils  would  also  be  affected.  Generally,  how- 
ever, the  series  coils  will  stand  a  reasonable  overload  without 
greatly  overheating.  Series  lamps  should  cut  out  promptly, 
if  the  upper  carbon  is  pushed  up  while  they  are  burning.  If 
they  do  not  do  so,  there  is  something  wrong  with  the  cut-out 
and  the  trouble  should  be  remedied  before  the  lamp  is  sent  out. 

67.  Most  of  the  above  also  holds  true  with  regard  to 
series  enclosed  arcs.    There  is  even  more  danger  of  the 
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carbon  sticking  and  failing  to  feed  properly  in  these  lamps 
than  in  the  open  arcs,  because  the  carbon  must  pass  through 
the  cap  of  the  enclosing  globe,  and  if  the  carbon  has  not 
been  gauged  beforehand,  a  slight  unevenness  may  cause  it 
to  stick.  It  is  therefore  important  to  see  that  the  cut-out  is 
kept  in  good  condition  and  that  there  are  no  uneven  places 
on  the  carbons  when  they  are  put  in  the  lamp. 

68.  Trlmmlngr  Enclosed -Arc  liamps. — Generally 
speaking,  it  is  necessary  to  clea'n  the  enclosing  globe  every 
time  the  lamp  is  trimmed.  If  it  is  allowed  to  go  longer 
without  cleaning,  it  becomes  covered  with  such  a  thick 
deposit  that  a  considerable  part  of  the  light  is  cut  off.  This 
cleaning  can  be  done  to  much  better  advantage  at  the  station 
than  at  the  point  where  the  lamp  is  installed,  so  that  the 
lower  globes  are  brought  back  to  the  station  for  retrimming 
and  are  there  washed  by  means  of  special  appliances  for  the 
ptUT^ose.  When  thp  trimmer  goes  out,  he  takes  a  clean  lot 
of  globes,  provided  with  lower  carbons,  and  replaces  the 
old  ones.  Care  should  be  taken  to  see  that  the  carbons  used 
are  of  the  proper  length  because  a  small  length  of  carbon  in 
an  enclosed-arc  lamp  corresponds  to  several  hours'  burning. 
The  upper  carbons  are  purchased  in  the  desired  length,  but 
the  lower  carbons  are  very  often  made  up  of  the  part  left 
over  from  the  top  carbon.  These  pieces  will  vary  in  length, 
and  they  should  be  cut  to  gauge  before  being  placed  in  the 
bottom  holders.  The  upper  carbons  should  all  be  gauged  to 
make  sure  that  they  will  pass  through  the  cap  freely.  For 
a  i-inch  carbon,  the  maximum  allowable  diameter  is  about 
.62  inch  and  the  minimum  diameter  .5  inch.  If  the  carbon 
is  smaller  than  the  allowable  amount,  there  will  be  too 
much  air  admitted  to  the  enclosing  globe  and  the  arc 
will  flame  badly.  Only  the  best  quality  of  carbons  should 
be  used  in  enclosed-arc  lamps,  otherwise  the  enclosing 
globe  will  become  thickly  covered  with  deposit.  Attention 
should  be  paid  to  the  gas  caps  of  enclosed-arc  lamps  and 
also  to  the  joint  between  the  globe  and  the  bottom 
carbon  holder. 
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69.  Since  most  enclosed-arc  lamps  have  a  carbon  feed,  it 
is  necessary  to  see  that  the  carbons  are  smooth,  because 
rough  spots  will  interfere  with  the  operation  of  the  clutch. 
If  necessary,  rough  spots  should  be  smoothed  down  with 
sandpaper.  Constant-potential  lamps  have  no  cut-out  to 
give  trouble,  but  they  have  a  resistance  coil  that  fully 
counterbalances  the  cut-out  in  this  respect.  If  the  carbons 
stick  and  fail  to  feed,  the  lamp  goes  out;  but  if  the  lamp 
does  not  pick  up  properly,  the  carbons  being  in  contact,  the 
resistance  offered  by  the  arc  will  be  absent  and  a  current 
much  larger  than  the  normal  will  flow.  If  the  fusible  cut-out 
in  series  with  the  lamp  does  not  operate,  the  resistance  will  be 
very  liable  to  overheat  and  burn  out.  There  is  also  danger 
of  the  insulation  on  the  series  controlling  magnet  being 
damaged.  It  is  a  common  occurrence  to  find  constant- 
potential  lamps  that  have  been  designed  and  adjusted  for 
104  to  110  volts  running  on  circuits  where  the  voltage  is  as 
high  as  125  or  130.  Of  course,  under  these  circumstances 
the  lamp  takes  a  current  larger  than  it  should,  and  it  must 
not  be  forgotten  that  the  heating  effect  in  the  resistance  coil 
and  other  parts  of  the  lamp  increases  as  the  square  of  the 
current.  A  comparatively  slight  increase  in  the  current  will, 
therefore,  result  in  quite  a  large  increase  in  the  heat 
developed.  An  abnormal  current  is  also  liable  to  melt  the 
enclosing  globe.  Of  course,  many  of  the  burn-outs  on  these 
lamps  may  be  traced  to  faulty  design  or  construction,  but 
at  the  same  time  it  is  quite  true  that  many  good  lamps  give 
trouble  either  because  the  voltage  is  too  high  or  because  the 
lamp  has  not  been  properly  adjusted  to  suit  the  voltage  on 
which  it  is  to  operate. 
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LINE  WORK  FOR  ARC  LIGHTING 


SERIES  SYSTEMS 

1.  Size  of  Wire. — Since  most  outside  lighting  work 
is  done  on  the  series  system,  and  the  current  is  usually 
not  greater  than  9.6  amperes  with  open  arcs  or  6.8  amperes 
with  enclosed  arcs,  the  line  wire  does  not  need  to  be  large. 
Generally,  such  lines  are  of  No.  6  B.  &  S.  double-  or  triple- 
braided  weather-proof  wire.  Triple-braid  wire  of  this  size 
weighs  about  585  pounds  per  mile;  double-braid  about 
510  pounds.  Its  resistance  per  mile  is  approximately 
2.08  to  2.12  ohms.  Sometimes  No.  8  wire  is  used  for 
arc  lines,  but  while  it  is  large  enough  to  carry  the  current, 
it  does  not  make  as  substantial  a  job  as  the  No.  6.  The 
difference  in  first  cost  between  the  two  sizes  is  not  great 
and,  as  a  general  rule,  it  will  pay  to  put  up  the  larger  wire, 
especially  in  localities  where  sleet  storms  are  common. 

Since  the  current  is  small,  series  arc  lines  may  be  run  long 
distances  without  giving  an  excessive  loss.  For  example, 
with  9.6  amperes,  the  drop  per  mile  of  wire  is  about 
2.08  X  9.6  =  19.97  volts,  and  with  smaller  current  it  is 
correspondingly  less.  Series  arc  circuits  often  extend 
for  miles,  but  the  extension  of  the  line  simply  cuts  down 
the  pressure  available  for  the  lamps,  so  that  a  given  dynamo 
is  not  capable  of  operating  quite  as  many  lamps  on  a  long 
circuit  as  on  a  short  one. 

For  noitct  of  copyright,  see  page  immediately  following  the  title  page 
185 


Digitized  by 


Google 


ARC  LIGHTING 


§35 


2.  liaying:  Oat  Arc  Circuits. — Generally,  there  is  not 
a  gnreat  deal  of  choice  as  to  the  laying  out  of  an  arc  circuit 
for  street  lighting,  as  it  is  determined  almost  altogether 
by  the  location  of  the  lamps*  At  the  same  time,  wire  and 
labor  can  often  be  saved  by  laying  out  a  plan  of  the  streets 
to  be  lighted  and  then  arranging  the  circuits  so  that  the  line 
will  pass  through  one  lamp  after  another  with  as  little 
doubling  back  on  itself  as  possible. 

When  laying  out  the  line,  it  is  a  good  plan,  where  possible, 
to  connect  the  terminals  of  a  loop  in  the  circuit  to  a  switch 
so  that,  in  case  of  trouble,  the  loop  can  be  short-circuited 
and  the  remaining  lamps  on  the  circuit  continued  in  operation. 
Fig.  1  illustrates  this;  /,  /,  /  represent  arc  lamps  connected  on 
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a  street  circuit,  as  shown.  By  putting  in  switches^  at 
points  A,  B,  the  loops  in  the  circuit  may  be  cut  out.  For 
example,  if  a  break  occurs  at  x,  switch  A  can  be  closed  and  the 
rest  of  the  lamps  kept  goin^  while  the  break  is  being  located. 
A  few  switches  arranged  in  this  way  are  also  of  great  assist- 
ance in  locating  breaks.  In  Fig.  1,  plain  short-circuiting 
switches  are  indicated  in  order  to  bring  out  the  method  and  to 
simplify  the  figure.  In  practice,  a  switch  should  be  used  that 
will  provide  a  path  around  the  loop  and  at  the  same  time  dis- 
connect the  loop  entirely  from  the  remainder  of  the  circuit,  so 
that  it  may  be  worked  on  and  the  fault  located  without  danger 
to  the  linemen.  These  cut-out  switches  are  usually  mounted 
on  a  pole  or  at  any  other  point  where  they  will  be  accessible. 
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3.  It  is  preferable  to  have  separate  lines  for  operating 
the  commercial  lights  and  street  lights,  because  lamps  used 
in  places  of  business  usually  have  to  be  started  earlier  and 
extinguished  earlier  than  those  used  on  the  streets;  more- 
over, it  may  be  necessary  to  run  store  lights  for  a  short 
period  in  the  morning,  when  no  street  lights  are  needed. 
Besides,  the  long-exposed  street  circuits  are  always  subject 
to  breaks  or  other  troubles  that  may  interfere  with  the 
regularity  of  the  service. 

No  matter  how  carefully  street  arc-light  circuits  are  laid 
out  in  the  first  place  with  a  view  to  economizing  copper, 
they  soon  become  very  irregular  if  the  number  of  lights  is 
increased.  Lights  are  looped  in  here  and  there,  and  the 
result  is  that  the  general  layout  of  the  circuits  assumes  an 
appearance  very  different  from  what  was  originally  intended. 


LINE    CONSTRUCTION 

4.  lilne  construction  for  arc  lighting  is  generally 
carried  out  by  stringing  the  lines  on  poles,^  though  in  some 
cities  the  distribution  is  effected  by  means  of  well-insulated, 
lead-covered  cables  placed  underground.  In  all  construction 
work  connected  with  series  arc  circuits,  the  point  must  not 
be  lost  sight  of  that  the  pressure  across  the  terminals  of 
these  circuits  is  very  high  and  that  there  is  always  a  strong 
tendency  for  grounds  to  develop.  A  large,  size  of  deep- 
groove,  double-petticoat  insulator  should  be  used  and  the 
wires  kept  clear  of  trees.  Great  care  should  be  taken  when 
wires  are  run  near  metal  awnings  at  the  entrance  to  stores, 
as  this  is  a  place  where  grounds  are  apt  to  occur  and 
where,  in  a  number  of  cases,  they  have  resulted  in  fatal 
accidents.  The  necessity  for  high  insulation  and  careful 
work  in  connection  with  arc  lines  is  even  greater  than  it  was 
when  about  fifty  lights  on  a  circuit  was  a  common  average; 
now  the  number  of  lights  per  circuit  is  often  over  one  hun- 
dred, and  if  the  lines  are  not  kept  in  good  condition  there  is 
sure  to  be  trouble.  All  fittings  used  about  the  lamps  them- 
selves should  be  such  as  to  give  high  insulation. 
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5.  Heigrht  of  liamps. — Arc  lamps  for  street  lighting 
are  nearly  always  placed  at  street  intersections.  When  the 
blocks  are  long,  they  are  also  placed  in  the  middle  of  the 
block.  The  older  method  was  to  use  a  comparatively  small 
number  of  lamps  hung  high  above  the  street,  but  it  is  now 
C9nsidered  better  practice  to  hang  the  lamps  lower  and  to 
use  more  of  them  if  necessary.  This  is  especially  the  case 
when  the  streets  are  shaded  by  trees.  Where  the  space  to  be 
illuminated  is  open,  the  lamps  may  be  hung  fairly  high,  say, 
30  to  40  feet  above  the  ground;  but  when  the  streets  are  at 
all  shaded,  a  height  of  20  to  25  feet  is  to  be  preferred. 

6«  Methods  of  Hangring:  liamps. — There  are,  in  gen- 
eral, three  methods  of  hanging  lamps:  (a)  By  mounting  on 
pole  tops;  id)  by  suspending  from  mast  arms  or 
pole  fixtures  projecting  from  a  side  pole;  (c)  by 
suspending  from  the  middle  of  a  span  wire  so 
that  they  will  hang  over  the  center  of  the  street. 
When  the  lamps  are  mounted  on  pole  tops, 
they  are  fixed  permanently,  no  provision  being 
made  for  lowering  them  when  they  are  trimmed. 
The  pole  must,  therefore,  be  provided  with  pole 
steps,  so  that  the  trimmer  can  climb  up  to  the 
lamp.  This  method  of  mounting  makes  the 
work  of  trimming  hard,  and  it  is  therefore  not 
used  nearly  so  much  as  other  methods,  which 
allow  the  lamp  to  be  lowered.  The  pole-top 
mounting  has  a  few  advantages,  among  which 
is  the  absence  of  rope  and  pulleys,  also  the 
line  wires  when  once  connected  up  are  not 
moved,  as  they  are  every  time  a  lamp  is  raised 
or  lowered.  The  raising  and  lowering  of  lamps 
is  a  frequent  source  of  breaks  in  the  line  wire 
due  to  the  slight  bending  and  unbending  that  the 
wire  is  subjected  to.  These  advantages  are, 
however,  more  than  offset  by  the  difficulty  of  trimming  if  the 
lamps  are  mounted  high  above  the  street.  Fig.  2  shows  an 
ornamental  style  of  pole-top  mounting.    In  this  case,  the  lamp 
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is  only  about  20  feet  above  the  street,  and  as  it  is  used  with 
enclosed  arcs,  which  are  trimmed  about  once  in  a  week  or  ten 
days,  the  climbing:  up  to  the  lamp  is  not  as  much  of  an  objection 
as  with  the  old-style  open  arcs  that  required  daily  trimming. 

7.     Fig.  3  illustrates  a  typical  mast-arm  suspension. 

The  lamp  is  raised  and  lowered  by  means  of  a  rope  and 
pulleys,  and  is  provided  with  a  small  hood  to  protect  the 
top  from  the  weather.  The  lamp  is  suspended  from  the 
rope  by  the  intervening  cross-arm  a  and  insulator  b.  A 
cross-arm  and  insulator  of  this  kind  should  be  provided  in 
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order  to  secure  good  insulation  between  the  lamp  and  the 
pole  fixture  and  also  to  keep  the  line  wires  spread  apart. 

Since  the  introduction  of  high-voltage  enclosed  arcs  and 
the  operation  of  a  large  number  of  lamps  per  circuit,  it 
is  essential  that  each  lamp  be  provided  with  a  suspension 
that  will  give  high  insulation.  The  old-style,  plain,  wooden 
crosspiece  with  a  porcelain  knob  at  each  end  is  not  sufficient. 
Fig.  4  shows  a  Cutter  pole  fixture  of  small  size  used  consid- 
erably for  street  lighting  with  enclosed  arcs.  It  supports 
the  lamp  about  3  feet  from  the  pole. 
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8,  The  span-wire  suspension  is  illustrated  in  Fig.  5. 
It  is  the  best  form  to  use  when  it  is  desired  to  bring  the 
lamp  over  the  center  of  the  street.  A  pulley  is  placed  at 
the  center  and  another  on  the  side  pole  and  the  poles  are 

'  usually  set  at  diagonally 
opposite  corners  of  the 
street  intersection.  The 
span  or  suspension  wire 
is  usually  of  A-inch  or 
f-inch  galvanized  steel 
and  the  side  poles  about 
30  to  35  feet  high  with  a 
6-inch  top.  This  method 
of  suspension,  of  course, 
involves  the  use  of  two 
poles  and  for  this  reason 
the  mast-arm  suspen- 
sion is  often  preferred. 
^    ,  The  chances  are  that  for 

lighting  a  given  town  or 
city  a  combination  of  the  three  methods  may  be  desirable, 
the  style  of  suspension  being  chosen  that  is  best  adapted  for 
the  particular  location  of  the  light. 

9,  Arc-Ijamp  Pulleys. — Pulleys  used  for  suspending 
arc  lamps  have  received  a  great  deal  of  attention  from  those 
especially  interested  in  arc-lamp  specialties.  The  ordinary 
style  of  pulley  is  not  well  adapted  for  this  kind  of  work.  An 
arc-lamp  pulley  should  always  be  provided  with  a  hood  to 
prevent  its  being  clogged  by  sleet.  It  is  also  desirable  that 
the  pulley  from  which  the  lamp  is  hung  be  of  such  a  design 
that  it  will  hold  the  lamp  from  dropping  in  case  the  rope 
breaks  or  becomes  unfastened  in  any  way.  In  Fig.  5,  a 
lamp-supporting  pulley  is  indicated  at  A  and  a  swivel-pole 
pulley  at  B.  Both  are  of  the  sleet-proof  kind.  A  number  of 
different  lamp-supporting  pulleys  are  now  manufactured.  In 
most  of  them  either  a  catch  or  projections  are  arranged  inside 
the  pulley  casing  to  hold  the   lamp  when  it  is  raised  and 
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relieve  the  rope  of  all  strain.  When  the  lamp  is  to  be  low- 
ered, it  is  first  pulled  up  a  little.  This  unlocks  the  pulley  and 
allows  the  lamp  to  be  lowered.  The  use  of  self-locking  pul- 
leys also  helps  to  make  the  operation  of  trimming  more  rapid. 

10.  Rope. — The  rope  used  for  raising  and  lowering  the 
lamps  is  an  important  item  on  a  large  system  and  should  be 
carefully  selected.  Practice  varies  greatly  as  to  the  kind  of 
rope  used.  Formerly,  manila  rope  was  used  almost  exclu- 
sively, but  the  tendency  is  now  toward  a  solid  braided  cotton 
rope  or  a  flexible  wire  rope.  When  cotton  is  used  for  this 
purpose,  it  is  provided  with  a  wax  finish  that  keeps  the  rain 
from  soaking  into  and  rotting  it.  The  rope  is  usually  f  inch 
in  diameter,  though  i-inch  is  sometimes  used  with  heavy 
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lamps.  If  wire  rope  is  used,  it  is  usually  the  so-called 
tinned  sash  cord,  which  is  a  rope  made  up  of  a  hemp  center 
surroimded  by  tinned  steel  wire.  It  was  formerly  the  practice 
to  coil  up  enough  surplus  rope  on  the  pole  at  each  lamp  to 
allow  the  lamp  to  be  lowered  to  the  ground.  It  is  now  cus- 
tomary to  end  the  rope  in  such  a  way  that  another  rope  may 
be  hooked  on  to  it  and  the  lamp  lowered.  This  extra  rope, 
known  as  a  trimmer's  rope,  is  from  20  to  30  feet  long  and 
is  provided  with  a  snap  hook  at  one  end  and  a  number  of 
rings  near  the  other,  the  latter  being  spaced  so  as  to  suit  the 
varying  heights  at  which  the  lamps  may  be  hung.  The  end 
of  the  rope  on  the  pole  may  be  fastened  by  means  of  special 
I)ole  padlocks,  made  for  the  purpose. 
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11,  Cut-Out  Switches. — The  rules  of  the  Fire  Under- 
writers require  that  wherever  constant-current  arc  wires 
enter  a  building,  an  approved  double-contact  service  switch 
shall  be  installed,  so  that  the  current  can  be  cut  off  at  any 
time.  These  switches  must  be  substantially  made,  must  be 
mounted  on  incombustible  bases,  and  must  be  placed  where 
they  may  be  easily  reached  by  policemen  and  firemen.  They 
must  have  good  contacts,  be  quick  in  action,  and  show 
clearly  whether  the  current  is  on  or  off. 

Fig.  6  shows  the  Wood  arc  cut-out,  a  style  that  has  been 
extensively  used  and  which  will  serve  to  illustrate  the  opera- 
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tion  of  cut-out  switches  in  general.  The  parts  here  shown 
are  mounted  in  a  waterproof  cast-iron  box  with  an  open- 
ing past  which  an  indicator  moves  to  show  when  the  current 
is  on  or  off. 

Two  blades  a,  b,  Fig.  6  {b),  are  attached  to  the  line  termi- 
nals c,  d,  as  shown.  The  house '  terminals  are  connected  to 
the  posts  e,  /.  When  the  handle  is  pushed  up,  the  porcelain 
rollers  r,  r  press  the  blades  into  the  clips  on  terminals  e,  / 
and  thus  connect  the  line  with  the  lamps.  When  the  lever 
is  pulled  down,  the  rollers  bear  on  the  lower  part  of  the 
blades,  causing  them  to  leave  the  clips  on  the  posts  ^,  /  and 
swing  over  so  as  to  rest  on  the  casting  k^  thus  cutting  out 
the  lamps  and  allowing  the  current  to  flow  directly  across 
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from  one  blade  to  the  other  and  disconnecting  the  house 
wires  entirely  from  the  line.  The  springs  shown  in  the 
figure  make  the  action  quick  and  positive. 

12.  Cut-Outs  on  Arc  Ijamps. — Nearly  all  arc  lamps 
are  provided  with  a  simple  short-circuiting  switch  by  means 
of  which  the  lamp  can  be  cut  out.  This  switch  does  not, 
however,  disconnect  the  lamp  entirely  from  the  circuit,  and 
it  is  always  dangerous  to  work  on  a  lamp  under  such  circum- 
stances when  standing  on  the  ground,  because  there  is  liable 
to  be  a  ground,  on  some  part  of  the  line,  that  provides  a 
path  for  the  current  through  the  person  working  on  the 
lamp.  Since  the  introduction  of  con- 
stant-current circuits  operating  a  large 
(  number  of  lights,   the  danger  from 

shock^  has  materially  increased,  and 
lamps  are  now  frequently  equipped 
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with  absolute  cut-out  switches  that  are  separate  from  the 
lamp  and  that  will  cut  out  the  lamp  and  disconnect  it 
entirely  from  the  circuit.  Fig.  7  shows  a  series  arc  lamp 
equipped  with  a  separate  cut-out  switch  of  this  kind. 

13.  Ijoopin^  in  liamps  on  Series  Circuits. — When 
a  lamp  is  looped  in  on  a  series  circuit  out  of  doors,  it  is  not 
necessary  to  provide  a  cut-out  switch  at  the  point  where  it 
is  cut  into  the  line,  though  switches  are  sometimes  placed  at 
the  lamp  itself.  Fig.  8  shows  one  method  of  looping  in  on 
a  series  circuit.     An  arm  ^,  provided  with  insulators  r,  d^  is 
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mounted  as  shown.     The  loop  a  runs  to  the  lamp  or,  in  case 
the  circuit  is  carried  into  a  building,  runs  to  the  cut-out. 
When  a  circuit  is  to  be  looped  in  between  poles,  the  break 
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may  be  made  by  using  a  single  porcelain  insulator,  as  shown 
in  Fig.  9,  or  if  higher  insulation  is  required  between  the 
terminals  of  the  break,  two  insulators  connected  by  a  short 


length  of  wire  may  be  used.  Fig.  10  shows  another  method 
of  accomplishing  the  same  result  by  using  a  special  porce- 
lain insulator.  

TESTING  ARC-LIGHT  lilNBS 

14,  Since  street  arc-lighting  circuits  are  generally  long, 
considerably  exposed,  and  of  comparatively  small  wire,  they 
always  give  more  or  less  trouble  on  account  of  grounds, 
breaks,  and  crosses.  Breaks  are  of  quite  frequent  occur- 
rence, especially  during  heavy  wind  or  sleet  storms,  and 
very  often  cannot  be  detected  by  a  mere  inspection  of  the 
line.  The  wire  may  be  broken  though  the  insulation  holds 
the  ends  together,  so  that,  to  all  appearances,  the  line  is 
intact.  Breaks  are  especially  liable  to  occur  at  the  point 
where  the  line  loops  from  the  pole  to  the  lamps. 

Grounds  are  most  likely  to  occur  around  the  fronts  of 
stores  where  the  wires  are  run  in  proximity  to  iron  awnings 
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or  fittings.  Also,  where  the  lines  run  through  trees,  there 
will  always  be  more  or  less  of  a  ground,  especially  in  wet 
weather.  In  this  case,  however,  the  trouble  would  be  more 
correctly  termed  a  leak,  as  it  is  due  to  defective  insulation 
and  does  not  constitute  a  direct  connection  to  ground,  as 
would  happen,  for  example,  if  one  of  the  lines  came  into 
contact  with  an  iron  pole  or  a  gas  or  water  pipe. 

Crosses  are  caused  by  one  line  coming  into  contact  with 
another,  and,  imder  ordinary  conditions,  should  not  occur 
frequently  if  the  line  is  well  constructed.  Of  course,  heavy 
storms,  especially  sleet  storms,  may  cause  a  great  deal  of 
trouble  on  arc  lines,  but  we  are  now  speaking  of  the  troubles 
that  are  liable  to  occur  under  ordinary  working  conditions. 

All  arc  lines  should  be  tested  at  intervals  during  the  day 
to  see  if  any  faults  have  developed,  so  that  they  can  be 
looked  up  and  remedied,  if  possible,  before  it  comes  time  to 
start  up  in  the  evening.  This  may  be  done  in  various  ways, 
but  in  many  cases  grounds  and  breaks  are  located  by  the  use 
of  an  ordinary  magneto-bell.  This  bell  requires  no  battery 
for  its  operation  and  is  able  to  ring  through  a  long  length  of 
line;  moreover,  it  is  easily  carried  around  from  place  to  place. 

15.  liocating:  Breaks. — Series  arc  circuits  should  be 
frequently  tested  for  breaks  by  connecting  a  magneto  to  the 
terminals  of  the  circuit,  at  the  station,  and  ringing  it  up.  If 
the  bell  fails  to  ring,  it  shows  that  the  circuit  is  broken 
somewhere  and  the  break  should  be  looked  up  at  once.  If 
the  circuit  is  arranged  in  loops  that  can  be  cut  out  by  means 
of  switches  on  the  poles,  the  first  thing  to  be  done  is  to  cut 
out  the  loops  in  succession  until  a  ring  is  obtained.  This 
will  show  in  which  loop  the  break  is,  and  the  fault  can  then 
be  further  located,  as  described  later;  or,  in  many  cases,  it 
may  be  found  by  a  simple  inspection.  In  general,  however, 
the  problem  will  be  to  locate  a  break  on  a  simple  series  cir- 
cuit, such  as  that  shown  in  Fig.  11.  The  irregular  outline 
represents  a  circuit,  or  portion  of  a  circuit,  of  which 
M,  b  are  the  terminals;  /,  /,  etc.  represent  the  lamps.  It  is 
found  by  ringing  up  between  a,  b  that  there  is  a  break  on 
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the  circuit  indicated  at  the  point  jt,  though  its  location  is  not 
known  as  yet.  First  connect  a  and  b  together  and  ground 
them,  as  shown  by  the  dotted  lines.  Then  go  to  point  r, 
as  near  the  middle  of  the  circuit  as  possible,  and  open 
the  circuit  by  lowering  a  lamp  and  removing  the  wires,  or  in 
any  other  way  that  may  be  convenient.  Attach  one  terminal 
of  the  testing  magneto  to  ground,  by  connecting  it  with  a 
hydrant  or  other  ground  connection  that  may  be  at  hand,  and 
the  other  terminal  to  one  end  of  the  circuit  d\  ring  up,  and  if 
the  bell  rings,  it  shows  that  the  portion  of  the  circuit  from  d 
around  to  the  station  is  all  right  and  that  the  break  is  in 
the  other  half.    Close  the  circuit  at  c  and  move  on  to  a 


place  /,  about  half  way  between  c  and  the  station.  The 
circuit  is  here  opened  and  the  magneto-bell  connected  as 
before.  If  a  ring  is  obtained  when  the  bell  is  connected  to 
the  left-hand  end  of  the  line,  it  shows  that  the  stretch  of 
circuit  l-g-b  is  intact;  while,  if  the  bell  does  not  ring  when 
connected  to  the  right-hand  side,  it  shows  that  the  break 
is  between  /  and  c^  because  the  previous  test  showed  that 
the  part  d-l-l-^  was  all  right.  In  this  way.  by  making  a 
few  tests,  the  stretch  of  circuit  in  which  the  break  occurs  can 
be  located  within  narrow  limits,  and  the  break  itself  can  then 
usually  be  found  by  a  careful  inspection. 

16.  liocatin^  Grounds. — When  a  line  becomes  groimded 
at  any  point  x,  as  indicated  in  Fig.  12,  the  ground  may  be 
located  by  using  a  magneto,  in  which  case  the  ends  of  the 
line   a^b  at  the   station    are   left  open,   instead   of  being 
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gfrounded,  as  when  testing  for  breaks.  The  line  is  then 
opened  about  the  middle  point  c  and  each  side  rung  up, 
one  terminal  of  the  fnagneto  being  connected  to  the 
ground.     The  side  on  which  a  ring  is  obtained  is  the  one 


on  which  the  ground  exists.  The  half  on  which  the  ground 
is  located  is  then  opened  at  its  middle  point,  and  in  this 
way  the  part  of  the  line  that  is  grounded  is  soon  located 
within  narrow  limits. 

17.     liOcatlng  Grounds  by  Means  of  Voltmeter. — If 

a  high-reading  voltmeter  is  available,  it  can  be  used  for 
locating  grounds  on  an  arc  circuit,  as  indicated  in  Fig.  13. 


'^a» 
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The  dynamo  is  here  omitted,  but  it  is  supposed  to  be  opera- 
ting the  circuit  connected  to  its  terminals  a,  b. 
In  this  case,  there  are,  say,  fifteen  lamps  operated  on  the 
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circuit.  The  total  pressure  generated  by  the  dynamo  is, 
say,  15  X  50  =  750  volts,  allowing  50  volts  per  lamp.  The 
difference  of  potential  between  the  negative  side  of  lamp  1 
and  tf+  is  50  volts,  between  the  negative  side  of  2  and 
tf+,  100  volts,  and  so  on,  as  shown  in  the  figure.  If  one 
terminal  of  the  voltmeter  is  connected  to  a+  and  the  other 
to  ground,  a  reading  will  be  obtained  whenever  there  is  a 
groimd  on  the  line.  Suppose,  for  example,  that  there  is 
a  ground  at  G]  the  voltmeter  will  then  be  connected  across 
four  lamps  and  will  give  a  reading  of  about  200  volts.  The 
voltmeter  reading,  therefore,  indicates  how  far  the  ground 
is  out  on  the  line.  If,  for  example,  a  reading  of  about 
100  volts  is  obtained,  it  is  known  that  the  ground  is  some- 
where between  the  second  and  third  lamps. 

18.     Differential    Metliod    of    liocatingr    Grounds. 

This  method  consists  in  balancing  the  drop  through  an 
artificial  line  against  the  drop  through  the  portion  of  the 
circuit  from  the  station  to  the  point  where  the  ground  exists; 
it  will  be  understood  by  referring  to  Fig.  14. 

The  terminals  of  the  circuit  are  indicated  at  a,  b^  and,  for 
the  sake  of  illustration,  ten  lamps  are  shown.  The  total 
pressure  generated  by  the  dynamo  will  be  about  500  volts, 
and  the  drop  in  pressure  between  a+  and  different  points 
on  the  circuit  will  increase  as  the  lamps  are  passed,  as 
shown  by  the  numbers  50,  100,  etc.  The  testing  apparatus 
consists  of  a  number  of  equal  resistances  1,2,3,4,  etc.  con- 
nected in  series,  with  terminals  brought  out  to  a  switch,  as 
indicated.  These  resistances  should  be  fairly  high,  say 
about  50  ohms  each.  Ordinary  52-volt  incandescent  lamps 
will  answer.  A  detector  galvanometer  C  is  connected  to 
the  switch  blade  and  to  the  ground.  One  end  x  of  'the 
resistance  is  connected  to  a+.  The  other  end  of  the  cir- 
cuit — ^  is  connected  at  the  point  2,  so  that  the  number  of 
resistances  will  correspond  to  the  number  of  lamps  on  the 
circuit  to  be  tested.  The  switch  arm  is  then  moved  to  the 
right  until  the  galvanometer  deflection  comes  to  zero.  In 
this  case,  the  deflection  will  be  zero  when  the  arm  is  at  the 
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point  y  between  resistances  6  and  7.  The  fall  of  pressure 
from  tf+  through  the  artificial  circuit  corresponds  to  the 
fall  in  pressure  from  a  +  around  the  arc  circuit;  hence,  when 
a  point  is  reached  where  the  drop  in  pressure  from  a+ 
arotmd  to  the  gfround  is  equal  to  the  drop  in  the  artificial 


Pzo.  u 

line,  the  two  pressures  counterbalance  each  other,  as  indi- 
cated by  the  arrows,  and  no  current  flows  through  the  gal- 
vanometer. As  soon  as  the  point  corresponding  to  that 
where  the  ground  exists  is  passed  on  the  switch,  the  galva- 
nometer will  reverse  its  deflection. 
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UGHTNING   PROTECTION    FOR  ARC    CIRCUITS 

19.  Series  arc-light  circuits  are  very  likely  to  brings  in 
lightning  discharges  to  a  station,  because  they  cover  such 
large  areas  and  are  usually  much  exposed.  They  should, 
therefore,  be  well  protected  by  lightning  arresters.  The 
arresters  used  on  arc  circuits  differ  little,  if  any,  from  those 
used  on  other  circuits.     Care  must,  of  course,  be  taken  in 

selecting  an  arrester  to  see 
that  it  is  adapted  to  the  volt- 
age of  the  circuit  and  also 
to  the  kind  of  current;  i.  e., 
(  direct  or  alternating.  Many 
of  the  older  types,  which 
were  quite  satisfactory  on 
circuits  operating  as  high  as 
60  to  75  lamps,  are  not  suit- 
able for  high-voltage  circuits 
operating  125  to  150  lamps. 
If  the  older  types  of  arrester 
are  to  be  operated  on  such 
circuits,  two  of  them  should 
be  connected'  in  series. 
Each  side  of  every  arc-light 
circuit  should  be  equipped 
with  an  arrester  at  or 
^    „  near   the    point   where    the 

wires  enter  the  station.  The 
arresters  may  be  mounted  back  of  the  arc-light  switchboard 
or  on  a  special  rack  placed  near  the  point  where  the  wires 
enter  the  building. 

20.  Ijigrlitniiigr  Arrester  for  Arc  Liamps. — ^Although 
lightning  may  not  get  into  the  station,  it  sometimes  punc- 
tures the  insulation  of  the  lamps  out  on  the  line  and  is 
responsible  for  many  burned-out  coils.  In  order  to  prevent 
this,  small  arresters,  or  spark  gaps,  may  be  connected  across 
the  terminals  of  the  lamp.     Fig.  15  shows  a  simple  arrester 
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for  this  purpose.  It  consists  of  two  brass  cylinders  with  a 
small  gap  between  them,  and  when  a  dischargee  comes 
along  the  line,  it  jumps  between  the  cylinders  and  thus 
passes  along  to  the  regular  lightning  arresters,  which  carry 
it  to  ground.  The  lightning  will  jmnp  the  gap  in  pref- 
erence to  passing  through  the  lamp  because  of  the  reactance 
of  the  regulating  coils  in  the  lamp. 


ABC-LIGHT   DYNAMOS 


DIRECT-CUBBENT   MACHINES 


MACHINES    FOR    CONSTANT-CURRENT    DISTRIBUTION 

21.  In  the  early  days  of  arc  lighting,  the  lamps  were 
nearly  always  operated  in  series  by  direct  current  supplied 
from  constant-current  dynamos  designed  specially  for  this 
class  of  work.  In  later  years,  the  use  of  constant-potential 
lamps  has  become  so  great  that  constant-current,  arc-light 
dynamos  do  not  occupy  nearly  so  prominent  a  place  in  light- 
ing stations  as  they  did.  Constant  alternating-current  gen- 
erators are  now  seldom  installed;  if  constant  alternating 
current  is  required  for  the  operation  of  series  lamps,  it  is 
obtained  from  regular  constant-potential  alternators  by  the 
use  of  constant-current  transformers  or  automatic  reactance 
coils,  in  the  same  way  as  in  series  incandescent  lighting. 

Constant  dlrect-curi*ent  arc  macUnes  are  always 
series-wound  and  may  have  armatures  of  the  open-circuit  or 
closed-circuit  type.  These  machines  generate  a  small  cur- 
rent at  high  voltage;  hence,  a  shunt  winding  for  the  field  is 
out  of  the  question  because  of  the  exceedingly  large  amount 
of  fine  wire  that  would  be  required  for  it. 

22.  Constant-current,  arc-light  dynamos  are,  in  many 
respects,  a  decided  contrast  to  the  constant-potential,  direct- 
current  machines  used  for  low-pressure  lighting  or  street- 
railway  work.    In  the  first  place,  arc  machines  must  generate 
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a  comparatively  small  current  (from  6  to  10  amperes),  but 
the  maximum  pressure  that  they  are  called  on  to  deliver 
at  full  load  is  very  high.  Moreover,  they  must  be  con- 
structed so  as  to  keep  the  current  at  the  required  amount 
through  a  wide  range  in  the  number  of  lamps  operated. 
Constant-potential  dynamos  do  just  the  opposite.  They 
maintain  the  pressure  (usually  from  110  to  600  volts)  at  a 
constant  or  nearly  constant  value  and  the  current  varies  with 
the  load.  A  constant-potential  machine  can  be  made  self- 
regulating  by  providing  it  with  a  compound  field  winding. 
In  order,  however,  to  make  a  direct-current  machine  regulate 
for  constant  current,  it  is  necessary  to  provide  it  with  an  elec- 
tromechanical regulator  of  some  kind  that  will  adjust  the  volt- 
age with  changes  in  load,  so  as  to  keep  the  current  constant. 

23,  For  convenience,  constant-current  arc  machines  may 
be  divided  into  two  general  classes:  (a)  those  with  open-coil 
armatures  and  (d)  those  with  closed-coil  armatures.  Of 
machines  with  open-coil  armatures,  the  most  prominent 
examples  are  the  Thomson-Houston  (T.  H.)  and  the  Brush. 
Large  numbers  of  these  machines  have  been  installed  in  the 
past  and  their  principles  of  operation  have  already  been 
described.  The  Thomson-Houston  machine  is  not  now 
regularly  manufactured;  neither  is  the  old  two-pole  type  of 
Brush  machine.  The  Brush  multipolar  machine,  which  is 
illustrated  later,  may  be  taken  as  typical  of  the  modem  con- 
stant, direct-current,  arc-light  dynamo  with  open-circuit  type 
of  armature.  Machines  having  closed-circuit  armatures  are 
represented  by  the  Wood  (Fort  Wayne)  and  Western  Elec- 
tric makes.  Both  of  these  machines  have  armatures  of  the 
ring  type.  On  Constant  direct-current  machines,  it  is  neces- 
sary to  have  an  automatic  regulator  that  will  change  the 
voltage  with  change  in  load  so  as  to  keep  the  current  con- 
stant. In  some  cases,  the  regulation  is  accomplished  by 
shifting  the  brushes;  in  others,  the  brushes  are  shifted  and 
at  the  same  time  the  ampere-turns  on  the  field  are  varied, 
either  by  cutting  some  of  the  field  turns  in  or  out  or  by  varying 
an  adjustable  resistance  shunted  across  the  field  winding. 
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24,  Brush  Arc  Dynamo. — The  later  style  of  Brush 
arc  dynamo  is  shown  in  Fig.  16.  These  machines  are  much 
larger  than  the  old  bipolar  type  and  have  a  higher  efficiency. 
The  armature  M  is  of  the  ring,  open-circuit  type,  and  its 
general  construction  is  the  same  as  that  of  the  older-style 
armature  with  a  number  of  improvements  in  the  mechanical 


Pig.  16 

details  and  method  of  insulation.  The  connections  are  also 
slightly  different  in  order  to  adapt  the  armature  to  a  four- 
pole  field.  Instead  of  connecting  diametrically  opposite  coils 
in  series,  as  in  a  two-pole  machine,  four  coils  situated  one- 
quarter  of  a  circumference  from  one  another  are  connected 
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in  series  and  the  terminals  brought  out  to  the  commutator 
segments. 

The  field  is  the  same,  in  some  respects,  as  that  on  the  old 
machine,  but  there  are  four  poles  on  each  side  of  the  arma- 
ture instead  of  two.  On  each  side,  the  poles  are  alternately 
north  and  south,  but  poles  directly  opposite  each  other  are 
of  the  same  polarity.  For  example,  in  Fig.  16,  poles  A,  A 
are  alike  and  of  one  polarity,  while  i9,  B  are  also  alike  but  of 
polarity  opposite  to  A^  A, 

The  other  chief  point  of  difference  between  the  new-style 
and  old-style  Brush  machines  lies  in  the  regulator.  The  old 
regulator  was  entirely  separate  from  the  dynamo,  but  in  the 
later  machines  the  regulator  is  mounted  on  the  dynamo.  It 
varies  the  amount  of  the  resistance  shunted  across  the  field, 
and  also  shifts  the  brushes  around  the  commutator.  The 
regulator,  Fig.  16,  is  in  the  box  C;  rheostat  D  is  connected 
in  shunt  across  the  terminals  of  the  field  by  means  of  the 
wires  a,  a',  and  is  divided  into  a  number  of  steps,  connec- 
tions to  which  are  made  by  an  arm  moving  over  the  con- 
tacts b.  This  arm  is  shifted  by  the  regulator  and  at  the 
same  time  the  brushes  are  tipped  by  means  of  the  rocker- 
arm  c  attached  to  the  brush-holder  yoke  d. 

25.  Tlie  Regulator. — Two  types  of  regulator  have 
been  brought  out  for  multipolar  Brush  machines.  The  first 
type  used  magnetic  clutches  to  move  the  rheostat  arm.  The 
one  now  made  is  shown  in  Fig.  17.  It  is  thrown  into  or  out 
of  action  by  an  encased  magnet  m  connected  in  series  with 
the  lamps.  Magnet  m  does  not  move  the  rheostat  arm  a,  but 
simply  controls  a  valve  that  admits  oil,  under  pressure,  to 
either  side  of  a  vane  or  piston  that  swings  around  in  the 
closed  chamber  b.  The  oil  pressure  necessary  to  operate 
the  piston  is  maintained  by  means  of  a  small  rotary  pump  c 
driven  by  a  belt  from  the  dynamo  shaft  running  on  pulley  d. 
The  lower  case  is  filled  with  oil  to  a  point  a  little  below  the 
rheostat-arm  shaft.  Oil  is  drawn  from  the  lower  part  of  the 
box  and  discharged  through  the  valve,  which  moves  up  and 
down  in  a  small  valve  chamber.    When  the  current  is  at  its 


Digitized  by 


Google 


§35 


ARC  LIGHTING 


21 


normal  value,  the  valve  occupies  a  central  position  and  the 
ports  are  arranged  so  that  oil  circulates  through  the  valve 
chamber  without  moving  the  rotary  piston  or  vane  attached 


Pio.17 

to  the  rheostat  arm.  One  end  of  the  lever,  pivoted  at  ky 
Fig.  17,  is  attached  to  the  valve,  and  the  other  end  to  the 
armature   of  magnet  m.     If   the   current   becomes   weaker 
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than  normal,  m  rises  and  the  valve  lowers,  thus  admitting 
oil  to  one  side  of  the  rotary  piston  in  casing  b.  If  the 
current  becomes  stronger  than  normal,  the  armature  lowers, 
raises  the  valve,  and  turns  the  rheostat  arm  in  the  opposite 
direction. 

26.  In  addition  to  moving  the  rheostat,  the  regulator 
tips  the  brushes  by  means  of  an  arm  extending  from  the 
rocker  and  carrying  a  toothed  arc  that  engages  with  a  small 
spur  wheel  on  the  shaft  carrying  the  rheostat  arm.  By  this 
movement  the  brushes  are  adjusted  with  the  changes  in  load 
so  as  to  keep  the  spark  at  the  brushes  about  f  inch  long  on 
short  circuit  and  i  inch  long  on  full  load.  This  controller 
will  hold  the  current  at  its  correct  value  with  very  little 
variation  either  way. 

CIX>S£D-COIL.    MACHINES 

27.  The  Wood  arc  dynamo.  Fig.  18,  has  a  simple, 
closed-coil  ring  armature  and  a  commutator  divided  into  a 
large  number  of  segments  so  as  to  keep  the  voltage  between 
segments  low  and  prevent  undue  sparking.  The  controlling 
magnet  m  of 'the  regulator  is  connected  in  series  with  the 
line  and  operates  the  lever  n.  The  brushes  are  moved  by 
means  of  a  small,  double  friction  clutch  that  is  contained  in 
the  casing  shown  at  a.  When  the  lever  is  pulled  up  beyond 
the  normal  position,  the  clutch  moves  the  brushes  forwards 
by  means  of  the  gears  ^,  ^,  dy  thus  lowering  the  current.  If 
the  current  becomes  too  weak,  the  lever  moves  down  and 
the  clutch  moves  the  brushes  back,  thus  increasing  the  cm:- 
rent.  These  dynamos  operate  on  a  single  circuit  and  are 
made  as  large  as  150-lights  capacity. 

28.  The  Western  Electric  machines  also  have  closed- 
coil  armatures;  the  larger  sizes  are  of  the  four-pole  type  and 
have  two  pairs  of  brushes.  They  are  provided  with  two 
regulators  and  supply  two  circuits  in  parallel;  each  of  the 
regulators  controls  one  pair  of  brushes.  This  is  a  some- 
what different  multiple-circuit  arrangement  from  that  of  the 
Brush  machine,  in  which  the  two  loops  or  circuits  are  in  series 
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and  the  current  is  bound  to  be  the  same  in  each.  When  the 
circuits  are  in  parallel,  each  must  have  a  regulator  of  its  own, 
but  under    no  circumstances    can    the    pressure    obtained 


Fig.  18 


exceed  that  which  is  ordinarily  applied  to  one  circuit;  i.  e., 
half  the  pressure  that  the  machine  would  have  to  generate  if 
all  the  lamps  were  connected  in  series. 


REYXRSAL.    OF    POUkRITT 

29.  Sometimes  the  polarity  of  arc  machines  becomes 
reversed.  This  is  usually  due  either  to  lightning,  wrong 
plugging  at  the  switchboard,  or  the  circuit  from  the  machine 
coming  into  contact  with  some  other  circuit.  When  the 
polarity  is  reversed,  the  lamps  operated  by  the  machine 
will  bam  "upside  down";  i.  e.,  the  lower,  or  short,  carbons 
will  be  positive  and  will  bum  twice  as  fast  as  the  upper. 
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If  the  current  is  allowed  to  flow  in  the  wrong  direction  for 
any  great  length  of  time,  the  bottom  carbon  holders  will  be 
destroyed.  It  is  important,  therefore,  to  see  that  trouble  of 
this  kind  is  remedied  as  soon  as  possible.  As  far  as  the 
lamps  are  concerned,  the  trouble  can  be  overcome  by  simply 
reversing  the  plug  connections  at  the  switchboard,  but  the 
polarity  of  the  dynamo  should  be  righted  at  the  first  oppor- 
tunity. This  may  be  done  as  follows:  Connect  the  brushes 
together  by  a  piece  of  wire  so  that  the  armatures  will  be 
short-circuited  and  hence  will  allow  current  to  pass  through 
the  fields  without  running  the  machine  as  a  motor.  Then 
connect  the  positive  pole  of  another  machine  to  the  negative 
pole  of  the  machine  to  be  fixed  and  allow  the  current  to 
flow  for  a  few  moments.  If  another  machine  is  not  avail- 
able, a  number  of  cells  of  battery  may  be  used.  This  will 
reverse  the  polarity  and  bring  the  machine  back  to  its  former 
condition.  After  this  is  done,  the  short-circuiting  loop  may 
be  removed  from  the  brushes.  Do  not  attempt  to  reverse 
the  polarity  while  the  machine  is  nmning. 


RUNNING    ARC    MACHINES    IN    SERIES 

30.  Sometimes  conditions  may  arise  where  it  is  neces- 
sary to  run  two  arc  machines  in  series  in  order  to  supply 
the  lamps  on  a  given  circuit,  because  the  number  of  lights 
to  be  operated  may  exceed  the  capacity  of  any  one  of  the 
available  machines.  The  two  machines  are  connected  in 
series  by  connecting  the  positive  terminal  of  one  to  the 
negative  terminal  of  the  other,  in  just  the  same  way  as  cells 
are  connected  together  when  their  E.  M.  F.*s  are  to  be 
added.  When  arc  machines  are  run  in  this  way  there  is 
often  trouble  due  to  the  current  seesawing  or  hunting.  The 
current,  instead  of  remaining  steady,  surges  up  and  down. 
This  is  caused  by  the  unstable  action  of  the  regulators  on 
the  two  machines;  both  try  to  do  the  regulating  at  once  and 
the  result  is  an  unstable  condition  of  affairs.  Under  such 
circumstances  it  is  best  to  throw  one  regulator  out  of 
action  and  make  the  machine  generate  its  full-load  voltage 
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by  blocking  the  regulator  or  setting  the  brushes  at  their 
position  of  maximum  E.  M.  F.  This  machine  will  then 
generate  a  constant  E.  M.  F.,  and  whatever  changes  are 
necessary  will  be  taken  care  of  by  the  regulator  on  the 
other  machine.  

AliTERNATING-CURRENT,  ARC-L.IGHT  DYNAMOS 

31«  Constant-Current  Alternators. — The  operation 
of  arc  lights  in  series  from  constant-current  alternators 
is  not  common,  for  though  such  alternators  have  been  built 
they  are  used  to  but  a  limited  extent.  Unless  used  with 
step-up  transformers,  they  have  the  same  disadvantage  as 
direct  constant-current  machines;  i.  e.,  in  order  to  operate 
a  large  number  of  lamps  they  must  generate  a  very  high 
pressure. 

32.  Although  it  is  quite  possible  to  operate  alternating- 
current  arc  lamps  in  series  from  constant-current  alterna- 
tors, the  present  practice  is  to  generate  the  current  by 
constant-potential  alternators  and  then  to  supply  it  to  the 
series  circuits  either  directly,  by  means  of  special  constant- 
current  transformers,  or  through  a  regulator  of  some  kind 
that  will  vary  the  E.  M.  F.  applied  to  the  circuit  as  the  load 
varies.  The  advantage  of  this  plan  is  that  it  allows  series 
arc  lamps  to  be  operated  from  the  same  alternators  that  are 
used  to  operate  incandescent  lamps,  thus  simplifying  the 
station  equipment.  Also,  one  large  alternator  operating  at 
a  moderate  pressure  can  be  made  to  operate  a  large  number 
of  series  lamps  by  running  a  number  of  circuits  all  fed  in 
parallel  from  the  same  dynamo  and  each  circuit  provided  with 
an  independent  regulator  or  transformer  to  keep  the  current 
in  that  circuit  constant.       

OPERATION    OP.  SERIES    ARC    LAMPS    FROM    CONSTANT- 
POTENTIAX   ALTERNATORS 

33.  Operation  Directly  From  Machine. — Suppose 
that  alternator  A,  Fig.  19,  generates  current  at  a  constant 
pressure  of  2,000  volts.  If  enclosed-arc  lamps  are  used, 
each  lamp  will  take  about  80  volts  and  about  twenty-five 
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lamps  can  be  connected  in  series  across  the  line,  as  indi- 
cated. This  is  similar  to  the  method  described  for  operating 
incandescent  street  lamps  in  series.  With  this  scheme  of 
connection  it  is  necessary  to  provide  each  lamp  with  a  cut- 
out of  some  kind  that  will  insert  a  resistance  or  reactance  in 
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Fig.  19 

the  circuit  whenever  a  lamp  is  extinguished;  otherwise,  the 
current  will  increase,  for  it  must  be  remembered  that  the 
pressure  applied  to  the  circuit  is  constant  no  matter  how 
many  lamps  may  be  in  operation. 

34.  Use  of  Adjustable  Transfopmer, — The  operation 
of  lamps  direct  from  the  machine  is  only  possible  when  the 
number  of  lights  on  the  circuit  is  suited  to  the  voltage  of  the 
dynamo.  This  is  generally  not  the  case,  and  the  above 
arrangement  is  therefore  of  limited  application  and  has 
been  used  in  comparatively  few  cases.  Instead  of  supplying 
the  lamps  directly  from  the  machine,  a  considerable  range 
of  applied  E.  M.  F.  can  be  obtained  by  using  a  constant- 
potential  transformer  with  its  secondary  coil  split  into  a 
number  of  sections.  Each  lamp  is  provided  with  a  reactance 
coil,  as  before,  but  the  use  of  the  transformer  admits  of  a 
considerable  range  in  the  number  of  lamps  that  may  be 
operated  on  a  circuit;  that  is,  the  combined  voltage  necessary 
for  the  lamps  may  be  considerably  different  from  that 
generated  by  the  alternator.  This  arrangement  does  not, 
however,  provide  automatic  regulation  and  is  therefore 
undesirable. 
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35.  Operation  From  Constant-Current  Ti*an8fomi- 
ers, — A  method  now  largely  used  for  the  operation  of 
series  alteraating-current  lamps  from  constant-potential 
alternators  is  that  in  which  a  special  transformer  is  used 
to  transform  from  constant  potential  to  constant  current. 
This  system  is  practically  the  same  as  that  described  for 
the  operation  of  series  incandescent  lamps  by  means  of  a 
constant-current  transformer. 


Pio.20 

Fig.  20  shows  one  of  the  larger  sizes  of  General  Electric 
constant-current  transformer  with  the  case  removed.  There 
are  two  fixed  primary  coils  PP  and  P'  P'  and  two  mov- 
able secondaries  5  5  and  S'  S'.    The  two  secondaries  are 
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counterbalanced  against  each  other  by  means  of  the  levers, 
sectors,  and  chains  shown  in  the  figure,  so  that  when  the  load 
is  light  both  coils  occupy  a  position  near  the  center,  and  when 
it  is  heavy  they  both  move  toward  the  end  coils.  The 
weight  w  required  to  counterbalance  the  repulsion  effect  is 
carried  by  a  small  auxiliary  lever  /  that  projects  through  the 
top  of  the  case.  The  two  secondary  coils  can  be  connected 
in  series  to  feed  a  single  circuit,  or  they  can  be  connected  to 
two  circuits,  as  in  the  multicircuit  Brush  dynamo. 


Fig.  21 

36,  Constant-current  transformers  can  be  placed  either 
in  the  station  or  in  a  substation  at  a  convenient  point  near 
where  the  lamps  are  to  be  supplied.  In  some  instances 
they  have  been  placed  in  substations  and  equipped  with 
automatic  time  switches  that  cut  them  out  in  the  morning 
as  soon  as  the  lights  are  no  longer  needed.  At  light  loads, 
a  system  of  this  kind  has  a  poor  power  factor;  but  if  worked 
at  nearly  full  load,  the  power  factor  is  about  .8,  or  about  as 
good  as  the  power  factor  of  a  load  of  induction  motors. 
The  low  power  factor  has  been  urged  as  an  objection 
against  systems  of  this  kind;  and  while  it  undoubtedly  is 
an  objection,  it  must  not  be  forgotten  that  the  doing  away 
with  arc-light  dynamos  and  running  all  the  lights,  both  arc 
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and  incandescent,  from  the  same  machine  is  an  advantage 
that  goes  far  to  outweigh  the  disadvantages  of  a  low 
power  factor. 

37.     Kefirulatlon  by  Means  of  Variable  Reactance. 

Balanced  reactance  coils  are  also  used  for  the  operation  of 
series  arc  lamps  from  constant-potential  mains  in  the  same 
manner  as  described  for  series  incandescent  circuits.  Fig.  21 
shows  a  regulating  coil  made  by  the  Western  Electric 
Company.     The  coil  a,  which  is  partially  counterbalanced  by 


weight  c,  is  so  suspended  from  a  sector  b  as  to  slide  up  or 
down  over  the  central  part  of  the  m-shaped  laminated  core. 
Any  increase  in  current  causes  the  coil  to  be  drawn  up,  thus 
increasing  the  reactance  of  the  circuit  and  maintaining  the 
current  at  constant  value. 

Fig.  22   shows  different   methods   of  supplying   the   arc 
circuit  from  constant-potential  mains.    The  most  desirable 
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arrangement  is  shown  in  (a),  where  the  arc  circuit  is  supplied 
from  the  secondary  of  a  main  transformer  that  is  provided 
with  a  number  of  taps  so  that  the  transformer  voltage  can  be 
adjusted  to  suit  approximately  the  number  of  lamps  to  be 
operated.  This  requires  but  little  voltage  to  be  taken  up  in 
the  reactance  coil  under  normal  full-load  conditions  and 
therefore  secures  a  better  power  factor  than  if  the  lamps 
were  operated  as  in  (^).  In  this  case  the  secondary  of  the 
transformer  is  not  adjustable,  and  if  the  voltage  required  by 
the  lamps  is  much  less  than  that  furnished  by  the  transformer 
considerable  voltage  must  be  taken  up  in  the  reactance  coil. 
The  voltage  across  the  terminals  of  the  reactance  coil  is  out 
of  phase  with  the  main  secondary  voltage;  hence,  the  greater 
the  voltage  taken  up  by  the  regulator,  the  lower  will  be  the 
power  factor.  In  (c),  the  arc  circuit,  with  its  regulator  in 
series,  is  attached  directly  to  the  mains.  This  is  not  as 
desirable  an  arrangement  as  (a)  or  (^), because  a  groimd  on 
the  arc  circuit  grounds  the  main  circuit  also,  as  pointed  out 
in  connection  with  the  operation  of  series  incandescent  lamps. 

38.  Econoniy  Colls. — Sometimes  '  it  is  desired  to 
operate  alternating-current  arc  lamps  from  220-volt  or  440- 
volt  circuits.  Lamps  have  been  built  to  operate  directly  on 
220  volts  but  they  are  not  as  satisfactory  or  as  eflBcient  as 
low-voltage  (100-120-volt)  lamps.     A  satisfactory  method 
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of  Operating  low-voltage  lamps  on  these  moderately  high- 
voltage  cit^cuits  is  by  means  of  economy  colls,  or  auto- 
transformers,  shown  in  Fig.  23.  The  economy  coil  is 
wound  on  a  laminated  iron  core  in  the  same  way  as  the  coil 
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of  an  autotransformer,  and  a  tap  is  brousfht  out  at  the 
middle  point,  as  in  (a),  if  the  coil  is  used  to  transform 
from  220  to  110  volts;  if  used  on  440  volts,  the  secondary 
is  connected  so  as  to  include  one-quarter  of  the  total 
number  of  turns  on  the  coil. 

39.  Balancing  Colls. — Sometimes  these  coils  are  used 
as  shown  in  Fig.  24,  where  they  split  up  the  voltage  as 
indicated.  Thus,  in  (a),  a  220-volt,  two-wire  system  is 
changed  to  a  three-wire  system  with  110  volts  on  each  side. 
If  one  side  becomes  more  heavily  loaded  than  the  other,  the 
current  on  the  heavily  loaded  side  flows  through  the  neutral 
to  the  coil  on  that  side.  The  transformer  action  between 
the  coils  maintains  an  approximately  constant  voltage  on  the 
two  sides  no  matter  whether  the  load  is  balanced  or  not. 
An  autotransformer  used  in  this  manner  is  often  called  a 
balancing  coil.     In  (^),  the  same  principle  is  followed  out 
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except  that  a  five-wire  system  is  supplied  from  the  coil. 
The  middle  wire  is  usually  grounded  so  that  the  pressure 
that  may  exist  between  any  wire  and  the  ground  can  pever 
exceed  half  the  voltage  between  the  outside  lines.  An 
arrangement  similar  to  that  shown  in  diagram  {b)  is  often  very 
useful  in  installations  where  alternating  current  is  distributed 
at  400  to  500  volts  for  power  purposes,  as  for  example  in 
large  manufactories,  and  where  it  is  desired  to  have  several 
lower  voltages  for  the  operation  of  arc  and  incandescent 
lamps  or  for  use  in  starting  motors.  The  balancing  coil  has 
to  be  large  enough  to  handle  the  unbalanced  current  only,  and 
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hence  is  much  smaller  than  a  reg^ular  transformer  capable  of 
transforming  the  whole  of  the  power  supplied  to  the  second- 
ary circuit.  Balancing  coils,  or  autotransformers,  should 
not  be  used  where  there  is  a  very  great  difference  between 
the  primary  and  secondary  pressures.  Under  ordinary  con- 
ditions, if  the  primary  pressure  is  over  500  volts  it  is  safer 
and  better  to  use  a  regular  two-coil  transformer. 


ARC-LIGHT   SWITCHBOARDS 


GENERAIi    CONSIDERATIONS 

40.  Apc-ll^ht  swltchboarcls  bear  little  resemblance  to 
those  used  for  constant-potential  incandescent  lighting.  In 
most  stations  of  any  size,  there  are  several  arc  machines,  or 
if  alternating  current  is  used,  several  arc-light  transformers 
and  several  circuits.  It  is  desirable  to  have  the  switchboard 
arranged  so  that  any  machine  or  transformer  can  be  con- 
nected to  any  circuit  and  so  that  a  circuit  can  be  transferred 
from  one  source  of  supply  to  another  while  in  operation,  or, 
if  necessary,  so  that  circuits  can  be  operated  in  series.  An 
arrangement  of  switches  to  accomplish  this  would  be 
exceedingly  complicated,  and  arc-light  boards  are  there- 
fore of  the  plug  variety.  The  various  connections  are 
made  by  inserting  plugs  into  receptacles,  the  circuit  being 
completed  on  older  boards  by  flexible  cables  and  on  later 
types  by  the  plug  itself. 

41.  Operatlni?  Circuits  In  Series. — Quite  frequently, 
when  the  number  of  lamps  on  one  circuit  is  insufficient  to 
load  up  a  dynamo  or  transformer,  two  or  more  circuits  are 
connected  in  series  at  the  switchboard.  With  direct-current 
boards,  the  terminals  of  the  circuits  should  be  marked  + 
and  —  on  the  switchboard,  the  -h  side  being  that  at  which 
the  current  leaves  the  station  and  the  —  side  that  at  which 
it  returns.  In  connecting  direct-current  circuits  in  series, 
the  —  end  of  one  circuit  should  be  connected  to  the  +  end 
of  the  other,  as  indicated  in  Fig.  25.     If  two  —  ends  are 
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connected,  the  current  will  flow  through  the  second  circuit  in 
the  wrong  direction  and  the  lamps  will  burn  **upside  down." 
The  switchboard  is  usually  equipped  with  an  ammeter, 
which  will  indicate  when  the  current  is  flowing  in  the  proper 
direction.  Some  of  these  ammeters,  for  example,  the  Weston, 
will  not  give  a  deflection  over  the  scale  imless  the  current 
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flows  in  at  the  +  terminal.  Others  have  an  indicating  attach- 
ment that  shows  whether  or  not  the  cmrent  is  flowing  the 
wrong  way.  It  goes  almost  without  saying  that  series  arc  cir- 
cuits are  never  connected  in  parallel.  .If  this  were  done,  the 
current  would  split  between  the  circuits  and  the  lamps  would 
not  operate  properly.  

CONSTRUCTION  AND  OPERATION  OF  ARC 
SWITCHBOARDS 
42.  Simple  Board  With  Cables. — Fig.  26  illustrates 
about  the  simplest  possible  type  of  board  equipped  with  an 
ammeter  and  terminals  for  two  machines  and  four  circuits. 
These  terminals  take  the  form  of  sockets  or  spring  jacks 
mounted  on  the  board,  and  connections  are  made  between 
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the  various  receptacles  by  means  of  heavily  insulated,  flex- 
ible cables  provided  with  a  plug  at  each  end.  Each  terminal 
is  double,  and  those  for  the  dynamos  are  arranged  in  the 
lower  row  and  marked  +A,  —A^  +B,  —By  each  dynamo 
being  distinguished  by  its  letter  A  or  B.  The  terminals 
of  the  four  line  circuits  are  arranged  in  two  rows  in  the 
upper  part  of  the  board  and  are  marked  +1,  —1,  +2,  —2, 
+5,  —5,  +4,  —4,  each  circuit  being  distinguished  by  its 
number  1,  2,  5,  or  4.  The  ammeter  AM  \%  mounted  in  the 
center  of  the  board  and  is  provided  with  terminals  +  and  — . 
The  board  itself  is  usually  made  of  a  good  quality  of  marble. 


Pio.  26 

Slate  is  not  a  good  material  for  arc  boards,  as  it  is  liable  to 
contain  metallic  veins.  It  must  be  remembered  that  the 
pressure  between  the  terminals  of  an  arc  machine  at  full  load 
is  very  high,  hence  the  switchboard  terminals  must  be  well 
insulated.  On  most  boards,  th^  terminals  are  not  even 
allowed  to  come  in  contact  with  the  marble,  but  are  insulated 
from  it  by  means  of  hard-rubber  bushings,  the  marble  serving 
merely  as  a  support  and  not  depended  on  for  insulation. 

The  operation  of  plugging  in  circuits  or  dynamos  always 
appears  confusing  when  explained  on  paper.     It  is,  however, 
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comparatively  easy  to  follow  out  on  the  board  itself,  where 
one  can  handle  the  cables  or  plugs  and  make  the  required 
connections  for  himself.  A  little  practice  during  the  day- 
time, when  the  circuits  are  not  in  use,  will  soon  enable  one 
to  become  so  familiar  with  the  method  of  operation  that  all 
necessary  changes  can  be  made  quickly  and  with  certainty. 

In  making  changes  on  an  arc  board,  it  must  be  distinctly 
borne  in  mind  that  a  circuit  carrying  current  should  not  be 
broken  in  order  to  cut  in  or  out  line  circuits  containing  lamps. 
If  the  circuit  is  opened,  the  effect  is  to  increase  the  resist- 
ance of  the  circuit  by  a  large  amount,  and  the  voltage  will 
rise  greatly.  Besides  causing  a  long,  vicious  arc  at  the 
switchboard  and  perhaps  injuring  the  attendant,  it  is  very 
hard  on  the  insulation  of  the  dynamo  or  transformer.  If  a 
dynamo  or  circuit  is  to  be  cut  out,  it  should  first  be  short- 
circuited.  Arc  machines  and  constant-cturent  transformers 
are  not  injured  by  short-circuiting  as  constant-potential 
apparatus  would  be,  because  as  soon  as  they  are  short- 
circuited  the  voltage  generated  drops  to  a  very  small  amount. 
In  Fig.  26  each  terminal  is  made  double,  so  that  transfers 
can  be  made  without  opening  the  circuit. 

In  Fig.  26  circuit  1  is  '*dead,"  because  its  terminals  are 
not  connected  to  anything.     Circuit  2  is  on  dynamo  A^  the 

path  of   the  current    being   +A-  +2 2 A.       Circuits 

3  and  4  are  in  series  with  each  other  on  dynamo  B,  and  the 
ammeter  is  also  in  series  in  this  circuit.  The  path  of  the  cur- 
rent is  +B,  through  the  ammeter  to  +3 3-  +4 4 B. 

43.  Suppose  it  is  desired  to  connect  the  ammeter  in 
circuit  2.  To  disconnect  it  from  circuits  3  and  4,  it  is 
first  short-circuited  by  plugging  in  a  cable  across  the  termi- 
nals +B  and  +3.  The  two  plugs  on  the  cables  leading  to 
the  ammeter  may  then  be  withdrawn  from  +3  and  +B,  and 
the  circuit  will  not  be  opened.  The  plugs  removed  from 
+B  and  +3  may  then  be  inserted  2Lt  +A  and  +2j  respect- 
ively, thus  shunting  the  ammeter  across  the  cable  +A  +2, 
The  cable  +A  +2  is  then  removed  and  the  current  supplied 
to  circuit  2  passes  through  the  ammeter. 
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44.  Ag:am,  with  the  connections  as  shown  in  Fig.  26, 
suppose  that  it  is  desired  to  connect  circuit  1  in  series  with 
circuit  2  without  shutting  down  either  the  dynamo  or  cir- 
cuit 2.  The  first  step  will  be  to  connect  terminal  —1  with 
terminal  -|-2,  then  terminal  +A  with  terminal  +i.  The 
cable  directly  connecting  terminal  -\-A  and  +2  may  now  be 
removed  without  opening  the  circuit  at  any  point  and  at  the 
same  time  throwing  the  two  circuits  1  and  2  in  series. 

45.  Brush  Plu^  and  Spring  Jack. — In  case  cables  are 
used  for  making  the  connections,  it  is  necessary  to  have  the 
plugs  thoroughly  insulated  so  that  there  will  be  no  chance 
for  the  switchboard  attendant  to  make  accidental  contact 
with  any  of  the  terminals  on  the  board  during  the  process 
of  plugging.  No  live  metal  work  of  any  kind  should  be 
allowed  on  the  face  of  the  board.  Moreover,  the  plugs 
should  be  constructed  so  that  in  case  a  circuit  is  opened  by 
their  withdrawal,  the  consequent  arcing  will  not  cause  damage. 

Fig.  27  illustrates  the  style  of  plug  used  on  boards  for 
large  Brush  machines.     A  is  the  marble  panel  and  b  the 


Fig.  27 


metal  plug,  or  contact,  attached  to  the  cable  as  shown.  C  is 
a  cup-shaped  casting  to  which  the  line  is  connected  and  into 
which  b  slides  and  is  held  by  the  spring  clip  s,  so  as  to  make 
a  good  contact.  C  screws  on  to  the  end  of  the  hard-rubber 
bushing  D  and  is  separated  from  the  marble  by  the  insula- 
ting washer  E,  /^  is  a  hard-rubber  sleeve,  or  tube,  and  G 
a  maple  handle;  ^  is  a  spiral  spring  that  causes  the  sleeve  F 
to  slide  over  the  contact  piece  b  when  the  plug  is  pulled  out, 
so  that  by  the  time  the  plug  is  pulled  entirely  out  of  the  board, 
the  contact  b  is  completely  covered  and  there  is  no  danger  of 
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the  attendant  coming  into  contact  with  it.  When  a  plug  is 
inserted,  the  nose  of  the  sleeve  /''comes  against  casting  C, 
and  as  the  plug  is  pushed  on  in,  contact  b  passes  through 
the  hole  in  C  and  is  held  by  the  spring  s.  These  jacks  are 
usually  mounted  in  pairs  connected  together,  so  that  transfers 
can  be  made  without  opening  the  circuit. 

46.  Western  Electric  Plugr  and  Jack. — Fig.  28  shows 
a  jack  and  plug  used  by  the  Western  Electric  Company.  It 
consists  of  a  main  jack  A  and  two  smaller  jacks  B^  By  which 
are  used  in  making  transfers.     The  springs  a,  by  b  hold  the 


Pio.28 

plugs  in  place  by  engaging  the  groove  on  the  end  of  the 
plug.  This  plug  also  has  a  hard-rubber  sleeve  c  that  slides 
over  the  metallic  terminal  d  as  soon  as  the  plug  is  pulled 
out.  The  general  arrangement  of  the  plug  and  jack  will  be 
apparent  without  further  explanation. 

47.  Board  Without  Cables.— Fig.  29  illustrates  the 
principle  of  one  of  the  earlier  types  of  board  made  by  the 
General  Electric  Company,  in  which  cables  are  almost  wholly 
dispensed  with.  This  is  accomplished  by  means  of  two 
groups  of  contacts  arranged  in  two  parallel  planes  a  little 
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distance  apart.  The  contacts  in  the  front  group  are  divided 
into  pairs  of  horizontal  rows,  each  pair  being:  connected  to 
the  terminals  of  one  of  the  dynamos.  The  contacts  on  the 
back  group  are  divided  into  pairs  of  vertical  rows,  each  pair 
being  connected  to  one  of  the  circuits.  The  contacts,  which 
are  in  the  form  of  bushings,  are  directly  opposite  each  other 
and  the  connection  between  any  dynamo  and  any  circuit  is 
made  by  a  long  brass  plug  that  is  pushed  through  the  out- 
side contact  to  the  inside.  In  Fig.  29,  the  dynamo  terminals 
are  lettered  A+,A^i  etc.,  and  the  circuit  terminals  i+,  1—, 
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as  in  the  preceding  case.  The  back,  or  circuity  board  is 
provided  with  an  extra  row  of  contacts  at  the  bottom,  by 
means  of  which  circuits  may  be  connected  in  series,  using 
for  the  purpose  cables  having  suitable  terminals,  similar  to 
those  used  for  connections  in  the  form  of  board  first  described. 
For  the  arrangement  of  plugs  shown  in  Fig.  29,  the  path 

of  the  current  is  as  follows:  A+'-2+-2 J-3+  S-A—. 

Circuits  2  and  3  are  in  series  on  dynamo  A.  Also  circuit  4  is 
on  B  because  B+  and  B—  are  plugged  through  to  4+  and 
4—.    Circuit  1  is  dead.     By  using  a  cable  with  short  plugs 


Digitized  by 


Google 


§35 


ARC  LIGHTING 


89 


that  only  reach  throu£:h  the  front  bushings,  dynamos  may  be 
connected  in  series,  if  necessary. 

In  Fig.  29  the  sets  of  bushings  are  shown  separated  much 
farther  than  they  are  on  the  actual  board,  in  order  to  make 
the  figure  clear.  On  the  actual  board  the  back  contacts  are 
carried  on  vertical  copper  straps  that  are  attached  to  the 
front  board.  Fig.  30  shows  the  general  appearance  of  one 
of  these  boards  and  indicates  the  location  of  the  positive  and 
negative  terminals  of  the  dynamos   and  circuits.     Fig.   31 
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gives  an  idea  as  to  the  method  of  mounting  the  bushings 
and  is  self-explanatory.  Bushings  b  are  used  for  connecting 
circuits  in  series. 

48.  Carrier-Bus  Board. — This  is  a  later  tjrpe  of  board 
made  by  the  General  Electric  Company;  it  is  somewhat  similar 
to  the  one  last  described,  but  is  constructed  in  the  form  of 
panels  and  arranged  so  that  more  dynamos  or  circuits  can  be 
added  at  any  time  by  adding  more  panels  to  the  existing 
board.    Transfers  of  circuits  from  one  dynamo  to  another 
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are  effected  by  means  of  bus-bars  running  across  the  back 
of  the  board,  and  no  cables  are  required.  The  general 
arrangement  of  the  board  will  be  understood  by  referring  to 
Fig.  32.  In  view  (r),  the  lower  terminals  b,c^d,e,i^g  are 
connected  to  the  machines  A,  By  and  C     The  terminals  at 

the  top  connect  to  the  circuits  1\  2', 
and  S\  The  crosspieces  5,  4,  5^  7,  8, 
and  9  run  across  the  back  of  the  board 
and  can  be  connected  to  similar  cross- 
pieces  on  the  next  panel  by  means 
of  the  connection  strips  5'',  4^^  5'^ 
etc.  and  plugs  inserted  in  the  side 
sockets  m,  m.  An  ammeter  jack  is 
connected  in  each  side  of  each  cir- 
cuit, the  ammeter  being  connected 
by  inserting  a  plug  at  any  one  of  the 
upper  row  of  jacks  by  Cy  dy  etc.  in 
view  (a).  It  is  desirable  to  have  the 
ammeter  arranged  so  that  it  can  be 
cut  in  on  either  side  of  a  circuit 
because  it  facilitates  testing  for 
grounds.  A  leakage  of  current  from 
the  dynamo  to  ground  and  thence  back 
to  the  other  side  of  the  machine  through  a  ground  somewhere 
out  on  the  circuit  will  cause  a  reading  of  the  ammeter,  when 
connected  in  one  side  of  the  circuit,  different  from  that 
obtained  in  the  other  side. 

49.  Figs.  33  and  34  show  the  style  of  plug  switch  and 
plug  used.  All  conducting  parts  are  insulated  from  the  sup- 
porting panel  by  means  of  porcelain  insulators;  the  back 
contacts  are  held  out  from  the  board  by  porcelain  pillars; 
and  the  whole  construction  is  such  as  to  give  a  high  degree 
of  insulation.  When  the  plug  is  inserted,  connection  is 
made  between  the  front  and  rear  contact  bushings  or 
thimbles,  and  when  a  plug  is  withdrawn,  the  arcing  takes 
place  within  the  fiber  tube,  Fig.  33;  a  long  break  in  a  confined 
space  is  thus  secured  and  the  arc  suppressed. 
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50.  The  ammeter  Jack  for  connecting  the  ammeter  in 
circuit  is  shown  in  Fig.  35;  Fig.  36  shows  the  special  plug 
used  with  the  jack.     In  Fig.  35,  a  and  b  are  two  small  bus- 
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bars,  insulated  from  each  other  and  connected  to  the  termi- 
nals of  the  ammeter,  that  run  across  the  back  of  the  board 
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and  have   contact  bushings   in   line   with  the  plug  recep- 
tacles b,  c,  d,  etc..  Fig.  32  (a).     Mounted  directly  back  of  each 
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receptacle  and  in  line  with  it  is  the  jack,  consisting  of  a  con- 
tact bushing  Cy  Fig.  35,  contact  spring  dy  and  terminal  e.  When 
the  plug  is  not  in  place,  spring  d  makes  contact  with  bush- 
ing c  and  the  current  passes  from  /  to  ^  and  thence  to  the 


Pio.84 

circuit.  The  plug,  Fig.  36,  has  three  contacts  a,  b,  c;  b  and  c 
are  parts  of  the  same  brass  rod,  but  sleeve  a  is  insulated. 
When  the  plug  is  inserted,  point  c  pushes  spring  d  out 
from  the  contact  bushing  r.  Fig.  35,  and  at  the  same  time 
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part  b  of  the  plug  makes  contact  with  the  sleeve  in  bus-bar  b. 
Sleeve  a  on  the  plug  connects  bushing  Cy  Fig.  35,  with  bus- 
bar a.  Thus,  when  the  plug  is  inserted,  current  entering 
at  /  takes  the  path  /-bushing  ^-sleeve  a  on  plug-bus-bar 


<^ 
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«-ammeter-bus-bar  ft-contact  b  on  plug-tip  c  on  plug-spring 
^-terminal  ^-circuit.  When  the  plug  is  withdrawn,  spring  d 
makes  contact  with  c  before  the  circuit  through  the  ammeter 
is  broken,  thus  preserving  the  continuity  of  the  circuit. 
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51.  The  method  of  using  the  board  will  be  understood  by 
referring  to  Figs.  32  (c) ,  37,  and  38.  There  are  three  breaks 
/,  /^  /^^  Fig.  32  (c) ,  in  each  vertical  strip  between  a  dynamo 
terminal  and  a  corresponding  circuit  terminal.  When,  there- 
fore, these  breaks  are  plugged  across,  as  indicated  by  the 
three  rows  of  plugs  in  Fig.  32  (a),  dynamo  A  is  operating 
circuit  1^;  dynamo  B,  circuit  2';  dynamo  C,  circuit  3\  This  will 
be  apparent  by  referring  to  Fig.  37.  The  vertical  lines  here 
represent  the  vertical  bars,  in  which  the  breaks  are  indicated 
by  open  spaces.    The  black  dots  represent  the  plugs,  and 
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are  supposed  to  connect  the  two  terminals  between  which 
they  are  inserted.  Fig.  32  represents  the  ordinary  condition 
of  running,  where  the  cross-bars  are  not  in  use. 

52.  Suppose  it  is  desired  to  shut  down  machine  B  and 
run  circuits  V  and  2'  in  series  on  machine  A.  Insert  plugs 
at  r.,  ^s,  ^T,  and  d^  and  remove  plugs  c.  and  d..  This  leaves 
two  circuits  and  two  machines  in  series.  Short-circuit 
machine  B  by  inserting  a  plug  at  e^  and  cut  out  machine  B 
by  removing  plugs  rf.o  and  <r,..  Then  take  out  plug  dr,  and 
the  board  will  be  as  indicated  in  Fig.  38.  The  path  of  the 
current  will  now  be  ^-f-  -^,•-^.-^.-1'+  through  circuit  i'-i'— 
-^•-<.-A-i/«-2'+  through   circuit  2'-2V -^t-^.-^r-<r-i-,.--^ —; 
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thus,  circuits  1'  and  2^  are  in  series  on  dynamo  A.  Although 
the  combinations  on  these  boards  are  not  so  easy  to  follow 
out  from  a  diagram,  the  manipulation  of  even  a  large  board 
is  something  that  is  soon  learned  when  one  has  the  board 
actually  before  him.  In  order  to  distinguish  between  the 
various  plug  switches  and  thus  reduce  the  liability  of  making 
mistakes,  all  open-circuiting,  bus-disconnecting,  and  ammeter- 
jack  receptacles  are  provided  with  brown  porcelain  bushings. 
All  bus-transfer  receptacles  have  blue  porcelain  bushings 
and  are  indicated  by  the  black  rings  in  Fig.  32(a). 
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53.  Transfer  Boards. — It  is  highly  important  that  all 
arc-line  wires  brought  into  the  station  should  be  run  as 
straight  and  free  from  crossings  as  possible.  A  number  of 
fires  have  resulted  from  the  numerous  crossings  and  the 
general  maze  of  wires  to  be  found  in  some  of  the  older 
stations,  especially  at  the  point  or  in  the  tower  where  the 
wires  enter  the  building.  These  crossings  were  generally 
made  in  order  to  bring  the  wires  to  the  switchboard  in  the 
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correct  order  for  connecting  up.  In  some  stations,  in  addi- 
tion to  the  switchboard,  a  transfer  board  is  provided  to 
enable  the  lines  running  to  the  switchboard  to  be  connected 
to  any  of  the  lines  rimning  out  of  the  station.  By  using  a 
transfer  board,  the  wires  coming  into  the  station  may  be 
brought  in  in  any  order  that  may  be  most  convenient,  and 
they  may  be  run  straight  to  the  board  without  crossings. 
They  may  then  be  sorted  out  and  connected  to  any  desired 
circuit  terminals  on  the 
switchboard  by  using  the 
Tansfer  board.  The  trans- 
fer board  is  also  very  useful 
for  changing  the  terminals 
of  a  circuit  from  one  part 
of  the  board  to  another, 
as  it  enables  it  to  be  done 
without  disturbing  the  con- 
nections at  the  switchboard 
terminals  themselves. 

The  general  arrange- 
ment of  the  transfer  board 
will  be  understood  by  re- 
ferring to  Fig.  39.  A  num- 
ber of  bare  No.  4  or  6 
B.  &  S.  wires  a  b  are 
stretched  vertically,  5  or 
6  inches  apart,  on  a  sub- 
stantial framework.  In 
Fig.  39  («)  they  have  been 
shown  a  little  tg  one  side 
of  each  other  in  order  not 
to  confuse  the  connections.  Between  these,  a  corresponding 
number  of  horizontal  wires  c  are  stretched.  One  set  of  ver- 
tical wires  a  runs  directly  to  the  circuit  terminals  on  the 
switchboard  and  the  other  set  b  connects  to  the  line  wires. 

The  horizontal  wires  are  used  for  connecting  across  from 
any  line  to  any  switchboard  lead.  For  example,  suppose 
1  and  V  are  the  circuit  terminals  that  are  to  be  connected 
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to  switchboard  leads  o^  p.  By  connecting  to  the  cross-wire, 
as  shown  at  ky  /,  line  1  is  connected  to  o^  and  by  connect- 
ing as  shown  at  i«,  «,  line  V  is  connected  to  p.  By  this 
arrangement,  therefore,  the  line  and  switchboard  connec- 
tions can  be  transferred  in  any  Way  desired.  The  actual 
number  of  wires  used  in  any  case  will,  of  course,  depend 
on  the  number  of  circuits  to  be  accommodated.  The  con- 
nections between  vertical  and  horizontal  wires  are  usually 
made  by  means  of  a  clamp  connector,  somewhat  similar  to 
that  shown  in  Fig.  40  (a).  Different  methods  are  used  for 
stretching  the  wires  on  the  frame,  but  they  should  always 
be  mounted  so  that  they  will  be  thoroughly  insulated.  On 
this  account  the  wire  should  be  passed  through  porcelain  or 
glass  insulators  at  each  end,  as  indicated  in  Fig.  40  (*). 
The  wires  are  stretched  tightly  by  screwing  up  on  the  nut  n 
and  the  line  wire  attaches  to  terminal  /. 


SWITCHBOARDS    FOR    AL.TERNATING-CCJBBBNT 
SERIES    SYSTEMS 

54.  General  Electric  Switchboard. — When  series 
alternating-current  arc  lamps  are  operated  from  constant- 
potential  alternators,  either  through  constant-current  trans- 
formers or  otherwise,  it  is  usual  to  provide  a  small 
switchboard  for  each  transformer  or  regulator;  that  is, 
the  various  devices  necessary  for  the  control  or  protection 
of  the  transformer  or  regulator  and  the  circuits  supplied 
from  it,  are  grouped  together  and  the  board  is  frequently 
placed  near  the  transformer  that  it  controls. 

Fig.  41  shows  front  and  rear  views  of  a  General  Electric 
board  of  this  kind  designed  for  a  35-light  transformer  sup- 
plying current  to  a  single  series  arc  circuit.  The  board  is 
equipped  with  an  ammeter  «,  plugs  hy  b  for  breaking  each 
side  of  the  arc  circuit,  a  plug  receptacle  c  for  short-circuiting 
the  arc  circuit  or  secondary  of  the  constant-current  trans- 
former, two  plugs  d,  d  for  disconnecting  the  primary  of  the 
transformer  from  the  alternator,  and  a  Thomson  recording 
wattmeter  e  for  measuring  the  total  watt-hours  supplied. 
The  ammeter  a  is  supplied  with  cmrent  from   a  current 
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transformer  /  mounted  on  the  back  of  the  board  so  that  the 
instrument  is  thoroughly  insulated  from  the  high-pressure 
arc  circuit.  The  potential  transformer  g  steps  down  the 
primary  pressure  for  the  potential  coil  of  the  wattmeter,  and 
the  case  h  contains  the  non-inductive  protective  resistance 


Pio.41 


in  series  with  the  potential  circuit  of  the  wattmeter.  The 
plug  switches  dy  d  are  connected  to  the  primary  of  the 
transformer  through  high-tension  enclosed  fuses  that  pro- 
tect the   transformer   from   overload.     Plug    switches   b,  b 
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are  thoroughly  insulated  by  being  mounted  on  porcelain 
insulators  as  shown.  Fig.  42  shows*  the  connections  for 
this  switchboard.  The  corresponding  parts  in  Figs.  41 
and  42  are  lettered  alike  so  that  further  explanation  is 
unnecessary. 

55.  Fig.  43  shows  the  connections  for  a  similar  board 
used  with  a  transformer  of  100-lights  capacity  supplying 
two  circuits  on  the  multicircuit  plan.     The  transformer  is 
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provided  with  two  secondary  coils,  which  are  connected 
in  series  through  the  two  lighting  circuits.  The  primary  is 
also  provided  with  two  windings  so  that  they  can  be 
connected  in  parallel  for  1,100  volts  or  in  series  for 
2,200  volts.  The  plugs  for  each  circuit  are  arranged  as 
in  Fig.  42,  but  only  one  ammeter  is  provided,  the  primary 
of  the  constant-current  transformer  being  connected  to  an 
ammeter  plug  that  can  be  inserted  in  suitable  jacks,  without 
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opening  the  lamp  circuit,  and  thereby  made  to  indicate  the 
current  in  either  circuit. 

56.  The  ammeter  jack  used  on  this  board  is  shown 
in  Fig.  44.  The  ammeter  is  connected  to  the  plug  by 
means  of  a  twin  cable,  one  end  of  which  is  connected  to 
sleeve  b  and  the  other  to  contact  c\  b  and  c  are,  of  course. 


Fig.  44 

insulated  from  each  other.  When  the  plug  is  inserted, 
b  is  in  contact  with  «,  and  c  with  d  and  <?,  thus  cutting 
the  ammeter  into  circuit.  When  the  plug  is  withdrawn, 
spring  d  makes  contact  with  the  bushing  to  which  a  is 
connected,  thus  maintaining  the  circuit. 

Fig.  45  shows  the  construction  of  the  plug  switches.     The 
plug  is  a  straight  brass  rod  with  a  well-insulated  handle  and. 


Pig.  45 

when  inserted,  makes  connection  between  the  front  and  rear 
bushings.     When  the  plug  is  withdrawn,  the  arcing  takes . 
place  within  the  fiber  tube  and  is  smothered  out. 

57.  Western  Electric  Switchboard. — Fig.  46  shows 
a  switch  used  by  the  Western  Electric  Company  on 
alternating-current  arc  switchboards.     It  is  of  the  plunger 
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type,  each  side  of  the  circuit  being  broken  when  the  handle 
is  pushed  in.  The  arc  is  broken  within  the  porcelain 
cylinders  so  that  there  is  little  chance  for  it  to  hold  over  and 
burn  the  contacts. 


Pio.46 

Fig.  47  shows  front  and  rear  views  of  the  small  switch- 
board panel  used  with  each  of  the  transformers  supplying 
series  circuits.  It  is  equipped  with  a  tubular  switch  a, 
operated  by  handle  ^,  and  fuses  c,  d  enclosed  in  porcelain 


Fig.  47 


handles  so  that  they  can  be  easily  removed  for  renewal. 
The  ammeter  e  is  connected  directly  in  the  circuit,  but  for 
very  high  pressure  circuits  it  would  be  advisable  to  operate 
the  ammeter  from  the  secondary  of  a  series  transformer. 
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Fig.  48  shows  one  arrangement  of  an  arc  switchboard 
together  with  the  transformers  and  regulators  through 
which  the  alternating  current  is  supplied  from  the  machines 
to  the  circuits.    The  switchboard  is  mounted  in  a  gallery  and 
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the  transformers  and  regulators  are  placed  underneath,  as 
shown.  This  plan  of  mounting  the  board  in  a  gallery  is  used 
quite  largely  in  large  city  stations  oi  in  other  places  where 
space  is  limited. 
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INTERIOR  WIRING 

(PART  1) 


PRELIMINARY   CONSIDERATIONS 

1.  The  subject  of  interior  wiring  involves  a  study  of  the 
various  methods  for  supplying  electric  current  to  devices, 
such  as  lamps,  motors,  etc.,  used  in  buildings;  also,  the 
methods  for  operating  bells,  burglar  alarms,  and  other 
minor  appliances  operated  by  electricity. 

In  electric  wiring,  the  ultimate  object  is  the  conveying 
of  the  electricity  to  the  lamp,  bell,  motor,  or  other  device 
that  is  to  be  operated.  But  this  must  be  done  in  a  proper 
manner;  otherwise  danger,  unsatisfactory  operation,  and 
waste   are   sure   to   result. 

2.  Four  things  should  be  considered  in  every  electric 
installation:  {a)  safety,  (d)  satisfactory  operation,  (c)  con- 
venience and  neatness,  and  {d)  economy.  The  first  is  by  far 
the  most  important.  Therefore,  the  electrical  worker  should 
understand,  first  of  all,  what  are  the  sources  of  danger  in  the 
use  of  electric  currents  and  then  what  precautions  are  neces- 
sary and  what  conditions  must  be  complied  with  to  avoid 
these  dangers.  When  he  thoroughly  understands  these 
things,  he  should  learn  how  to  make  his  work  satisfactory  in 
other  respects  and  profitable  to  himself. 

The  same  causes  that,  under  certain  conditions,  make 
electricity  dangerous  to  life  also  make  it  a  source  of  fire 
hazard.  There  are  also  conditions  under  which  an  electric 
current   may   cause   fire,    although  it  may  not  be  directly 
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dangerous  to  life.  In  discussing:  the  precautions  necessary 
to  avoid  any  chance  of  fire  from  an  electrical  cause,  the 
student  will  learn  how  to  avoid  danger  to  life  as  well,  so 
that  it  is  unnecessary  to  discuss  that  subject  by  itself. 


FIBES  CAUSED  BY  BliBCTRIC  WIBING 

3.  The  so-called  * 'electrical  fires,"  or  fires  that  are  caused 
by  the  presence  of  electric  wires  or  apparatus  within  a 
building,  can  be  divided  into  three  classes,  as  follows: 

1.  Fires  caused  by  poor  work  or  improper  materials. 

2.  Fires  caused  by  overloading  the  apparatus  or  wire 
with  a  higher  voltage  or  with  more  current  than  it  was 
designed  to  carry. 

3.  Fires  caused  by  lightning  striking  the  outside  lines  or 
by  the  crossing  of  circuits  that  should  never  come  into 
contact  with  one  another. 

A  good  job  of  interior  wiring  overcomes  all  danger  due 
to  the  first  two  of  these  sources  of  hazard  and  most  of  the 
danger  due  to  the  third,  but  not  all,  for  accidents  sometimes 
occur  outside  of  the  buildings,  against  the  results  of  which 
the  present  accepted  devices  for  the  protection  of  inside 
circuits  are  not  sufficient.  The  failure  of  a  lighting  company 
to  use  proper  lightning  arresters  and  transformers  or  to 
insulate  the  outside  wires  thoroughly  may  cause  trouble 
within  a  building  in  which  the  wiring  is  properly  done. 
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4.  When  electric  lights  first  came  into  general  use,  the 
insurance  companies  discovered  that  there  were  many  fires 
of  electrical  origin,  because  the  wiring  was  of  very  inferior 
workmanship.  The  various  associations  of  underwriters, 
therefore,  formulated  rules  in  accordance  with  which  they 
required  that  all  wiring  be  done  or  they  would  not  insure 
buildings  containing  it.  In  the  course  of  time,  these  various 
rules  of  local  associations  were  reduced  to  a  uniform  code, 
and  finally,  in  1898,  they  became  known  as  the  National 
Electrical  Code  and  received  the  indorsement  of  practically 


Digitized  by 


Google 


§43  INTERIOR  WIRING  8 

all  the  inspection  bureaus  throughout  the  United  States, 
besides  that  of  the  following  organizations:  the  American 
Institute  of  Architects,  the  American  Institute  of  Electrical 
Engineers,  the  American  Society  of  Mechanical  Engineers, 
the  American  Street  Railway  Association,  the  Factory  Mutual 
Fire  Insurance  Companies,  the  National  Association  of 
Fire  Engineers,  the  National  Board  of  Fire  Underwriters, 
the  National  Electric  Light  Association,  the  Underwriters' 
National  Electric  Association. 

A  few  cities  have  rules  of  their  own  that  differ  slightly 
from  this  code,  but  the  differences  are  not  vital.  Any  per- 
son doing  work  in  any  city  where  there  is  municipal  legisla- 
tion governing  his  work  should  investigate  the  laws  of  that 
particular  place  before  undertaking  to  lay  out  work  for  him- 
self. Every  wireman  should  be  supplied  with  a  copy  of  the 
latest  edition  of  the  National  Electrical  Code  and  do  work  in 
compliance  with  those  rules,  whether  additional  laws  exist 
or  not.  Copies  of  the  code  and  of  all  other  information 
published  by  the  Underwriters*  Association  for  the  sake  of 
reducing  the  fire  hazard  can  be  obtained  by  writing  to  the 
laboratories  of  the  National  Board  of  Fire  Underwriters  at 
Chicago  or  by  applying  at  the  nearest  Underwriters'  Inspec- 
tion Bureau.  The  rules  are  revised  by  conventions  as  often 
as  changes  in  the  electrical  art  make  such  revision  necessary. 

5.  Fittings  Tliat  May  Be  Used. — In  addition  to  this 
code  of  rules,  the  National  Board  of  Underwriters  publishes 
twice  each  year  a  list  of  approved  fittings  for  use  in  con- 
nection with  the  code.  This  list  contains  the  names  of  articles 
that  have  been  found  entirely  satisfactory,  together  with  the 
names  of  the  manufacturers.  It  does  not  contain  a  list  of  all 
fittings  that  will  pass  inspection,  and  many  good  articles  are 
not  listed  in  its  pages.        

(EXAMPLES    OF    ELECTRICAL.    FIRES 

6.  That  the  student  may  properly  understand  the  nature 
of  the  fire  hazard  due  to  the  presence  of  electric  circuits,  before 
studying  the  various  preventives,  the  following  typical  exam- 
ples of  electrical  fires  are  briefly  described.    These  are  reports 
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of  actual  fires  and  burn-outs  taken  from  the  Quarterly  Fire 
Reports  of  the  National  Board  of  Fire  Underwriters. 

1.  Loose  connection  on  series  incandescent  circuit  in 
show  window.  Arc  ignited  insulating  covering  of  wire  and 
fire  spread  to  surrounding  inflammable  material.  Four 
sprinkler  heads  opened  and  extinguished  the  fire.  Contents 
of  window  destroyed. 

2.  Socket-shell  burn-out  in  show  window  of  millinery 
store.  Short  circuit  caused  by  metallic  shell  of  socket  on 
window  fixture  establishing  connection  between  projecting 
strands  of  flexible  fixture  wire. 

3.  Paraffin-covered  wire  used  for  pendants  for  drop 
lights.  Wiring  installed  on  a  motor  circuit,  after  inspection, 
by  occupant  of  building  who  wished  to  secure  light.  Short 
circuit  ignited  paraffin  covering  and  whole  place  burned  up. 

4.  Short  circuit  or  ground  on  constant-potential  lighting 
circuit,  where  mains  ran  unprotected  through  damp  wood- 
work in  a  brewery.  The  arc  thus  formed  ignited  insulating 
covering  of  the  wire  and  fire  communicated  to  woodwork  of 
frame  building. 

5.  Short  circuit  in  flexible  cord  in  show  window  burned 
out  the  window. 

6.  Heating  effect  of  incandescent  lamp.  A  16-candle- 
power  incandescent  lamp  on  a  52-volt  circuit  was  left  lying 
on  a  coat  in  a  newspaper  office.  About  4  hours  after  the 
lights  were  turned  on  the  coat  was  discovered  smouldering, 
and  on  being  moved  burst  into  flame. 

7.  Revolving  wheel  of  incandescent  lamps  in  show  win- 
dow covered  with  handkerchiefs  burned  out  the  window 
either  by  sparking  at  the  commutator  or  from  heating  effect 
of  the  lamps. 

8.  Sparks  from  an  arc  lamp  dropped  on  a  table  imder- 
neath  that  was  covered  with  open  boxes  of  shirt  waists. 
The  table  and  contents  destroyed,  otherwise  no  considerable 
damage. 

9.  Flexible  lamp  cord  wound  around  a  gas  fixture  having 
a  soft-rubber  insulating  joint.  The  current  grounded  through 
the  joint  and  the  arc  ignited  the  escaping  gas. 
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10.  Overheating  of  No.  14  B.  &  S.  wires  due  to  partial 
short  circuit,  caused  by  moisture,  through  porous  crockery 
knobs  on  which  wires  were  mounted.  The  fuses,  which 
were  too  large,  did  not  melt  for  some  time  and  the  burning 
insulation  of  the  wires  set  fire  to  combustible  material  near, 
causing  a  loss  of  $15,000. 

11.  A  fuse  block,  improperly  constructed  and  placed  in 
close  proximity  to  woodwork,  held  an  arc  after  a  short  circuit 
long  enough  to  set  fire  to  the  woodwork. 

12.  Main  feed-wires  placed  in  an  elevator  shaft  were 
short-circuited  by  a  breakdown  of  their  insulation.  A  heavy 
arc  was  established  that  set  fire  to  building. 

13.  Overheating  of  resistance  coil  of  arc  lamp  that  was 
improperly  insulated  and  too  near  adjacent  woodwork  set 
fire  to  building. 

14.  Short  circuit  of  No.  14  wires  installed,  contrary  to 
rules,  in  molding  in  a  place  exposed  to  moisture.  The  fire 
was  stubborn  and  burned  fitfully  between  floors  and  was 
not  extinguished  before  a  loss  of  $2,^)00  had  been  sustained. 

15.  Fire  in  public  institution.  Building  wired  through- 
out with  weather-proof  wire  run  through  joists  without 
bushings,  both  wires  of  the  circuit  being  brought  through 
one  hole  at  lamp  outlet  without  separation.  Short  circuit 
occurred  in  attic  that  quickly  set  fire  to  dry  timbers. 

16.  An  Edison  plug  cut-out  was  improperly  used  to  pro- 
tect a  5-horsepower  motor  operating  at  a  difference  of 
potential  of  220  volts.  Fuse  in  blowing  failed  to  open 
circuit,  thus  maintaining  an  arc  that  set  fire  to  building. 

17.  Circuit  controlling  an  electric  flat  iron  was  left  turned 
on,  becoming  overheated  and  setting  fire  to  the  table.  Cir- 
cuit had  no  signal  lamp  or  other  indicating  device  recom- 
mended for  such  equipment. 

18.  Overheating  of  mechanism  in  a  2,000-candlepower 
series  arc  lamp,  the  metal  casing  of  which  did  not  fit,  set 
fire  to  the  ceiling.  The  store  was  closed,  but  the  lamp  had 
been  left  burning  until  the  circuit  was  shut  off.  This  fire 
illustrates  the  advisability  of  cutting  all  current  out  of  build- 
ings when  the  same  are  unoccupied. 
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19.  A  fire  occurred  in  show  window,  caused  by  a  bath 
towel  falling  from  support  on  to  a  lighted  incandescent 
lamp  in  bottom  of  window;  the  towel  becoming  ignited  set 
fire  to  the  contents  of  window  and  damaged  some  of  the 
stock  in  store. 

20.  Lightning  entered  building  over  badly  installed  watch- 
man circuit.  No  protective  devices  at  entrance  to  building. 
Wires  badly  insulated;  fastened  by  staples.  Heat  of  wires  set 
fire  to  joists  of  building. 

21.  Ground  of  110-volt  circuit  on  gas  pipe  in  attic.  Arc 
burned  i-inch  hole  in  pipe  and  set  fire  to  escaping  gas. 

22.  Fire  in  basement  of  building  caused  by  accumulation 
of  sodium  salt  on  back  of  three-wire  molding  run  on  brick 
wall.  Trouble  occurred  at  a  point  where  a  nail  had  been 
driven  through  molding  into  wall. 

23.  Short  circuit  in  fixture  canopy  ignited  ceiling  above 
fixture.  Fire  also  occurred  at  same  moment  in  cabinet  at 
center  of  distribution.  It  was  found  on  inspection  that  the 
branch  cut-out  contained  copper  wire. 

24.  An  ignorant  workman  installed  a  lighting  circuit  in 
lead-covered  cable,  fastening  same  to  iron  ceiling  with 
staples.  Breakdown  of  insulation  of  cable  set  fire  to  ceiling, 
when  it  was  found  that  no  main  switch  had  been  installed 
and  current  could  not,  therefore,  be  cut  off. 

25.  Switch  on  electric-light  circuit  was  mounted  in  dry- 
goods  store  at  a  point  where  draperies  came  in  contact 
with  it.  Flash  from  same  ignited  draperies  and  fire  spread 
rapidly  to  millinery  and  other  inflammable  material. 

26.  Breakdown  of  insulation  on  wires  of  lighting  circuit  in 
a  fine  residence  set  fire  to  woodwork  inside  partitions.  Fire 
occurred  at  night,  and  owing  to  delay  in  sending  in  alarm  and 
the  distance  from  fire-department  headquarters,  fire  was  not 
extinguished  until  a  heavy  loss  had  been  sustained. 

27.  Electric-light  wire  sagged  and  made  contact  with 
telephone  wire  running  to  cable  box.  Box  and  cable  con- 
nections completely  destroyed. 

28.  Burglar-alarm,  electric-bell,  and  electric-light  wires 
came  together  inside  the  partitions  of  a  residence.     The 
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insulation  on  the  wires  was  ignited  and  fire  followed  up  the 
partitions.  Owing  probably  to  lack  of  oxygen,  fire  did  not 
break  out  of  partitions,  but  spread  so  generally  over  the 
house  inside  that  much  damage  had  to  be  done  before  it 
could  be  extinguished. 

29.  Circuits  were  run  in  circular  loom  tubing  immediately 
over  a  steel  ceiling.  Where  the  tubing  came  through  the 
ceiling  for  a  loop,  the  sharp  edges  of  the  ceiling  cut  through 
the  same,  short-circuiting  the  wires.  Arc  ignited  the  insu- 
lation of  the  wires,  fire  following  same  up  under  the  ceiling. 

30.  Fire  in  livery  stable  due  to  blowing  of  fuse  in 
uncovered  cut-out  into  straw.  Fire  spread  so  rapidly  that 
it  was  impossible  for  the  department  to  control  it. 

31.  Fire  in  basement  of  hotel  caused  by  water  leaking 
and  running  down  the  blades  of  a  switch  on  SOO-volt  circuit. 

32.  Serious  burn-out  of  a  fire-alarm  system  by  cross  on 
500-volt  feed-wires  of  an  electric  railroad.  Nine  fire-alarm 
boxes,  a  tapper,  and  an  indicator  were  burned  out,  the 
repeater  also  being  partially  destroyed.  Fire  was  also 
started  in  the  residence  of  the  chief  of  the  fire  department, 
but  was  promptly  extinguished.  It  was  found  on  inspec- 
tion that  the  instruments  were  protected  by  fuses  that  were 
much  too  short. 

7.  Figs.  1  to  6  illustrate  some  characteristic  bum-outs; 
they  have  been  drawn  from  photographs  of  bum-outs  that 
have  actually  occurred. 

Fig.  1  shows  a  gas  pipe  that  was  melted  by  an  arc  caused 
by  a  heavy  current-carrying  circuit  crossing  a  signal  circuit 
that  was  connected  to  the  pipe.  The  connection  to  the  pipe 
was  poor  and  unsoldered. 

Fig.  2  shows  joints  made  with  No.  10  wire  on  a  circuit 
designed  to  carry  200  amperes.  The  use  of  such  a  poor 
joint  gave  rise  to  heating  that  resulted  in*  the  burning  out  of 
the  wire. 

Fig.  3  shows  a  fixture  canopy  with  a  hole  melted  through 
it,  caused  by  a  fixture  cut-out  inside  the  canopy  becoming 
short-circuited. 
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Fig.  4  shows  a  burn-out  caused  by  a  short  circuit  between 
weather-proof  wires  used  in  molding.  Wire  with  weather- 
proof insulation  only  should  never  be  used  in  molding,  and 
its  use  in  molding  is  prohibited  by  the  Underwriters. 

Figs.  5  and  6  show  burn-outs  caused  by  short  circuits  in  cut- 
outs.   The  burn-out  in  Fig.  5  was  due  to  defective  design, 


Pio.  6 


Pio.  6 

the  two  sides  of  the  circuit  being  brought  so  close  together 
that  when  a  fuse  melted  the  arc  held  over  and  destroyed 
the  cut-out. 

In  Fig.  6  the  cut-out  was  placed  horizontally.  When  the 
fuse  melted,  the  metal  ran  down  and  established  connection 
between  the  lines,  thus  resulting  in  a  short  circuit. 
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GENERAL   RULES 

8.  In  wiringf  for  electric  lights  and  power,  there  are  certain 
rules  that  apply  equally  to  all  systems  and  voltages;  these 
will  be  our  first  study.  In  what  follows,  rules  and  explana- 
tory notes  taken  from  the  National  Electrical  Code  are 
indented  in  order  that  they  may  be  distinguished  from  the 
explanations  and  other  matter.  In  most  localities  these 
rules  have  the  force  of  laws.  Many  of  the  National  Code 
rules  deal  with  the  construction  of  the  various  fittings  used 
for  interior  wiring;  these  concern  the  manufacturers  of  the 
fittings  rather  than  the  workmen  who  install  them.  Most  of 
the  rules  here  given  relate  to  the  installation  of  appliances. 
Fittings  given  in  the  lists  issued  by  the  National  Board  of 
Fire  Underwriters  comply  with  their  rules. 

GENERAL  RULES— ALL  SYSTEMS  AND  VOLTAGES 

Wires — 

a.  Must  not  be  of  smaller  size  than  No.  14 
B.  &  S.,  except  in  fixtures  and  flexible  cords. 

This  is  because  wires  of  smaller  size  are  likely  to 
break  or  become  loose,  so  that  the  work  does  not  remain 
mechanically  secure,  and  because  a  small  wire  is  much  more 
likely  to  be  overloaded  by  connecting  a  few  additional  lamps 
to  it  than  is  a  larger  wire. 

b.  Tie-wires  must  have  an  insulation  equal  to 
that  of  the  conductors  they  confine. 

c.  Must  be  so  spliced  or  joined  as  to  be  both 
mechanically  and  electrically  secure  without  solder; 
they  must  then  be  soldered  to  insure  preservation, 
and  the  joint  covered  with  an  insulation  equal  to 
that  on  the  conductors. 

Stranded  wires  must  be  soldered  before  being 
fastened    under    clamps    or    binding    screws,   and 
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whether  stranded  or  solid,  when  they  have  a  conduc- 
tivity gfreater  than  No.  8  B.  &  S.  gauge,  they  must 
be  soldered  into  lugs  for  all  terminal  connections. 

All  joints  must  be  soldered,  even  if  made  with  some  form 
of  patent  splicing  device.  This  ruling  applies  to  joints  and 
splices  in  all  classes  of  wiring  covered  by  these  rules. 

9.  Whenever  it  is  possible  to  avoid  making  joints,  it  is 
advisable  to  do  so;  but 

where  joints  are  neces- 
sary, great  care  must  be 
taken  to  do  the  solder-  ^®-^ 

ing  well,  and  to  leave  no  corrosive  acid  on  the  wire.    There 
are  several  soldering  compounds  now  on  the  market  that 

will  tin  the  wire  well 
enough  to  make  a  good 
joint  and  yet  leave  no 
Pxo.8  acid  on  it.     Soldering 

flux  in  the  form  of  sticks 
is  more  convenient  than  liquid  soldering  fluid. 

Soldering  Fluid. — 

The  following  formula  for  soldering  fluid  is  sug- 
gested: 

Saturated  solution  of  zinc  chloride 5  parts 

Alcohol 4  parts 

Glycerine 1  part 

10,  Joints. — Figs.  7,  8,  and  9  illustrate  joints  in  com- 
mon use.  In  removing 
the  insulation  from  the 
wires  where  joints  or 
connections  are  neces- 
sary, and  in  scraping  the 
wire  to  clean  it  before 
making  the  joint,  great 
care  must  be  exercised 
not  to  cut  into  the  wire 
and  lessen  its  cross-sec- 
tion and    consequently,  ^^'^ 

its  carrying  capacity.   Especial  care  must  be  taken  in  handling 
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fixture  wires,  which  are  small  and  easily  cut  or  broken. 
A  comparatively  small  nick  in  a  copper  wire  will  make  it 
break  easily. 

In  recovering  the  wire  with  insulating  tape,  a  sufficient 
amount  of  tape  must  be  used  to  afford  ample  protection. 
When  rubber-covered  wires  are  spliced  or  joined,  two  kinds 
of  tape  must  be  used,  the  first  of  pure  rubber  softened  by  a 
volatile  oil,  and  the  second  of  cloth  saturated  with  a 
moisture-proof   adhesive   material. 

11.     Rules  Relating:  to  Wires  (Continued). — 

d.  Must  be  separated  from  contact  with  walls, 
floors,  timbers,  or  partitions  through  which  they 
may  pass  by  non-combustible,  non-absorptive  insu- 
lating tubes,  such  as  glass  or  porcelain. 

Bushings  must  be  long  enough  to  bush  the  entire  length 
of  the  hole  in  one  continuous  piece,  or  else  the  hole  must 
first  be  bushed  by  a  continuous  waterproof  tube.  This  tube 
may  be  a  conductor,  such  as  iron  pipe,  but  in  that  case 
an  insulating  bushing  must  be  pushed  into  each  end  of  it 
far  enough  to  keep  the  wire  absolutely  out  of  contact  with 
the  pipe. 

e.  Must  be  kept  free  from  contact  with  gas, 
water,  or  other  metallic  piping,  or  any  other  con- 
ductors or  conducting  material  that  they  may  cross, 
by  some  continuous  and  firmly  fixed  non-conductor, 
creating  a  separation  of  at  least  1  inch.  Deviations 
from  this  rule  may  sometimes  be  allowed  by  special 
permission. 

When  one  wire  crosses  another  wire,  the  best  and  usual 
means  of  separating  them  is  by  means  of  a  porcelain  tube 
on  one  of  them.  The  tube  should  be  prevented  from  mov- 
ing out  of  place,  either  by  a  cleat  at  each  end  or  by  taping 
it  securely  to  the  wire. 

The  same  method  may  be  adopted  where  wires  pass  close 
to  iron  pipes,  beams,  etc.,  or,  where  the  wires  are  above 
the  pipes,  as  is  generally  the  case,  ample  protection  can 
frequently  be  secured  by  supporting  the  wires  with  a  porce- 
lain cleat  placed  as  nearly  above  the  pipe  as  possible. 

/.  Must  be  so  placed  in  wet  places  that  an  air 
space  will  be  left  between  conductors  and  pipes  in 
crossing,  and  the  former  must  be  run  in  such  a  way 
that  they  cannot  come  in  contact  with  the  pipe 
accidentally.     Wires   should  be   run  over,   rather 
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than  under,  pipes  on  which  moisture  is  likely  to 
gather  or  which,  by  leaking,  might  cause  trouble 
on  a  circuit. 

g.  The  installation  of  electrical  conductors  in 
wooden  molding  or  when  supported  on  insulators 
in  elevator  shafts  will  not  be  approved,  but  conduct- 
ors may  be  installed  in  such  shafts  if  incased  in 
approved  metal  conduits. 

Undergrroiind  Conductors — 

a.  Must  be  protected,  when  brought  into  a  build- 
ing, against  ftioisture  and  mechanical  injury,  and  all 
combustible  material  must  be  kept  removed  from 
the  immediate  vicinity. 

b.  Must  not  be  so  arranged  as  to  shunt  the  cur- 
rent through  a  building  around  any  catch  box. 

This  refers  to  catch  boxes  in  the  street,  from  which  the 
wires  should  run  to  the  buildings,  and  not  from  street  to  build- 
ing, building  to  building,  and  back  again  into  the  street, 
around  one  or  more  catch  boxes,  thus  shunting  whatever 
protective  devices  there  may  be  in  the  catch  boxes. 

c.  Where  underground  service  enters  building 
through  tubes,  the  tubes  shall  be  tightly  closed  at 
outlets  with  asphaltum  or  other  non-conductor,  to 
prevent  gases  from  entering  the  building  through 
such  channels. 

d.  No  underground  service  from  a  subway  to  a 
building  shall  supply  more  than  one  building  except 
by  written  permission  from  the  Inspection  Depart- 
ment having  jurisdiction. 

12.  Carrying  Capacities  of  Wires. — ^As  every  wire 
carrying  an  electric  ciu-rent  is  somewhat  heated,  it  is  neces- 
sary to  know  how  much  current  can  safely  be  carried  by  a 
wire  of  a  given  size.     Table  I  supplies  this  information. 

Table  of  Carrying  Capacity  of  Wires. — 

The  accompanying  table  (Table  I),  showing  the 
allowable  carrying  capacity  of  wires  and  cables  of 
98  per  cent,  conductivity,  according  to  the  standard 
adopted   by   the  American   Institute  of   Electrical 
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TABIiE  I 
CABBTING    CAPACITT   OF   IN817I<ATED    WIBBS 


Rubber-Cov- 

Weather-Proof 

Circular  Mils 
(Approximate) 

B.  &  S.  Gaage 

ered  Wires 
Amperes 

Wires 
Amperes 

l8 

3 

5 

1,624 

i6 

6 

8 

2,583 

14 

12 

16 

4,107 

12 

17 

23 

6,530 

10 

24 

32 

10,380 

8 

33 

46 

16,510 

6 

46 

65 

26,250 

5 

54 

77 

33,100 

4 

65 

92 

41,740 

3 

76 

no 

52,630 

2 

90 

131 

66,370 

I 

107 

156 

83,690 

0 

127 

185 

105,500 

00 

150 

220 

133,100 

000 

177 

262 

167,800 

0000 

210 

312 

211,600 

200 

300 

200,000 

270 

400 

300,000 

330 

500 

400,000 

390 

590 

500,000 

450 

680 

600,000 

500 

760 

700,000 

550 

840 

800,000 

600 

920 

900,000 

650 

1,000 

1,000,000 

690 

1,080 

1,100,000 

730 

1,150 

1,200,000 

770 

1,220 

1,300,000 

810 

1,290 

1,400,000 

850 

1,360 

1,500,000 

890 

1,430 

1,600,000 

930 

1,490 

1,700,000 

970 

1,550 

1,800,000 

1,010 

1,610 

1,900,000 

1,050 

1,670 

2,000,000 
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Engineers,  must  be  followed  in  placing  interior 
conductors. 

For  insulated  aluminum  wire  the  safe  carrying  capacity  is 
84  per  cent,  of  that  given  in  the  table  for  copper  wire  with 
the  same  kind  of  insulation. 

The  lower  limit  is  specified  for  rubber-covered  wires  to 
prevent  gradual  deterioration  of  the  high  insulation  by  the 
heat  of  the  wires,  but  not  from  fear  of  igniting  the  insulation. 
The  question  of  drop  is  not  taken  into  consideration  in  the 
above  table. 

The  carrying  capacity  of  Nos.  16  and  18  B.  &  S.  gauge 
wire  is  given,  but  no  wire  smaller  than  No.  14  is  to  be 
used,  except  as  allowed  for  fixture  work  and  flexible  cord. 

13,  Wire  Gaugres. — It  sometimes  happens  that  wires  of 
scant  size  are  sold  to  the  unwary.  A  workman  constantly 
using  wires  of  various 
sizes  soon  learns  to 
gauge  the  size  of  wires 
by  his  eye,  but  it  is  bet- 
ter to  use  a  wire  gauge 
frequently  to  avoid  mis- 
takes. A  wire  of  given 
size  should  just  enter 
the  slot  intended  for 
that  size  in  the  style  of 
gauge  shown  in  Fig.  10. 
Gauges  in  the  form  of  a 
vernier  caliper,  meas- 
uring the  diameter  of 
the  wire  in  thousandths 
of  an  inch,  or  mils,*  are  usually  more  accurate.  Table  II, 
giving   the  diameter  in  mils   and  cross-sectional   area  in 
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^Diameters  of  wires  are  usually  expressed  in  mils  or  thousandths 
of  an  inch  and  cross-sectional  areas  in  circular  mils.  1  mil  <=  yj^ 
inch  =  .001  inch.  1  circular  mil  is  equal  to  the  area  of  a  circle  of 
which  the  diameter  is  1  mil  and  cross-sectional  areas  of  wires  are  des- 
ignated by  the  number  of  circular  mils  contained  in  their  area.  The 
circular  mil  is  a  more  convenient  unit  than  the  square  inch  in  which 
to  express  the  areas  of  round  wires  since  the  number  of  circular  mils 
bears  a  simple  relation  to  the  diameter  in  mils.  If  the  diameter  d  is 
expressed  in  rails,  then  the  number  of  circular  mils  cross-section  is  cf. 
Thus,  a  No.  0000  wire,  Table  II,  has  a  diameter  of  460  mils,  or  .460  inch, 
and  its  area  in  circular  mils  is  460'  =  211,600.  1  square  inch  b  1,273,240 
circular  mils. 
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circular  mils  for  the  B.  &  S.  sizes  commonly  used  in  interior- 
wiring  work,  is  here  inserted  for  convenient  reference.  The 
number  of  circular  mils  cross-section  as  given  in  this  table 
is  more  accurate  than  in  Table  I,  but  the  areas  as  given  in 
Table  I  are  close  enough  for  all  practical  calculations. 

TABIiE  n 
DIMENSIONS    OF    BARE    COPPER    WIRE    B.    A    8.    GAUGE 


Gauge 
Number 

Diameter 
Mils 

Area 

Circular 
Mils 

Gauge 
Number 

Diameter 
Mils 

Area 

Circular 

MUs 

0000 

460.0 

211,600.0 

8 

128.5 

16,509.0 

000 

409.6 

167,805.0 

9 

I14.4 

13,094.0 

00 

364.8 

133,079.4 

10 

101.9 

10,381.0 

0 

324.9 

105,534.5 

II 

90.7 

8,234.0 

I 

289.3 

83,694.2 

12 

80.8 

6,529.9 

2 

257.6 

66,373.0 

13 

72.0 

5,178.4 

3 

229.4 

52,634.0 

14 

64.1 

4,106.8 

4 

204.3 

41,742.0 

15 

57.1 

3,256.7 

5 

181.9 

33,102.0 

16 

50.8 

2,582.9 

6 

162.0 

26,250.5 

17 

45.3 

2,048.2 

7 

144.3 

20,816.0 

18 

40.3 

1,624.3 

WIRING    FOR   liOW-POTENTIAIi    SYSTEMS 

14.     Definition  of  Ijow-Potential  System.— 
LOW-POTENTIAL  SYSTEMS 

550  Volts  or  lioss 

Any  circuit  attached  to  any  machine  or  combination 
of  machines  that  develops  a  difference  of  potential 
between  any  two  wires  of  over  10  volts  and  less  than 
550  volts  shall  be  considered  as  a  low-potential  circuit 
and  as  coming  under  this  class y  unless  an  approved 
transforming  device  is  used  that  cuts  the  difference  of 
potential  down  to  10  volts  or  less.  The  primary  cir- 
cuit not  to  exceed  a  potential  of  SfiOO  volts. 
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Before  pressure  is  raised  above  800  TOlts 
on  any  previously  existing:  system  of  'wiring:, 
tbe  'Whole  must  be  strictly  brougrbt  up  to  all 
of  tbe  requirements  of  the  rules  at  date. 

Until  recently,  low-potential  systems  were  limited  to  300 
volts  or  under,  but  the  limit  has  been  raised  to  550.  However, 
550  volts  cannot  be  applied  to  old  systems  unless  the  above 
rule  is  complied  with.  Low-potential  systems  are  usually 
constant-potential  systems  also;  that  is,  the  potential  or 
pressure  between  the  terminals  of  the  machine  or  at  some 
definite  points  on  the  line  is  almost  uniform.  Only  constant- 
potential  systems  will  be  considered  under  this  heading:. 

A  few  general  rules  apply  to  the  various  kinds  of  work 
under  these  systems.    They  are  as  follows: 

15.     General  Boles. —  ..  * 

Wires — 

a.  Must  be  so  arrang^ed  that  under  no  cir- 
cumstances shall  there  be  a  difference  of 
potential  of  over  300  volts  between  any  bare 
metal  In  any  distributing:  switch,  out-out 
cabinet,  or  equivalent  center  of  distribution. 

b.  Must  not  be  laid  in  plaster,  cement,  or  simi- 
lar finish  and  must  never  be  fastened  with  staples. 

c.  Must  not  be  fished  for  any  great  distance, 
and  only  in  places  where  the  inspector  can  satisfy 
himself  that  the  rules  have  been  complied  with. 

d.  Twin  wires  must  never  be  used,  except  in 
conduits  or  where  flexible  conductors  are  necessary. 

e.  Must  be  protected  on  side  walls  from  mechan- 
ical injury.  When  crossing  floor  timbers  in  cellars 
or  in  rooms  where  they  might  be  exposed  to  injury, 
wires  must  be  attached  by  their  insulating  supports 
to  the  under  side  of  a  wooden  strip  not  less  than 
i  inch  in  thickness  and  not  less  than  3  inches  in 
width.  Instead  of  the  running  boards,  guard  strips 
on  each,  side  of  and  close  to  the  wires  will  be 
accepted.  These  strips  to  be  not  less  than  i  inch 
in  thickness,  and  at  least  as  high  as  the  insulators. 

Suitable  protection  on  side  walls  may  be  secured  by  a  sub- 
stantial boxing,  retaining  an  air  space  of  1  inch  around  the 
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conductors,  closed  at  the  top  (the  wires  passingf  through 
bushed  holes),  and  extending  not  less  than  5  feet  from  the 
floor;  or  by  an  iron-armored  or  metal-sheathed  insulating 
conduit  sufficiently  strong  to  withstand  the  strain  to  which 
it  will  be  subjected,  and  with  the  ends  protected  by  the 
lining  or  by  special  insulated  bushings,  so  as  to  prevent  the 
possibility  of  cutting  the  wire  insulation;  or  by  plain  metal 
pipe,  lined  with  approved  flexible  tubing,  which  must 
extend  from  the  insulator  next  below  the  pipe  to  the  one 
next  at>ove  it. 

If  metal  conduits  or  iron  pipes  are  used  to  protect  wires 
carrying  alternating  currents,  the  two  or  more  wires  of  each 
circuit  must  be  placed  in  the  same  conduit  as  troublesome 
induction  effects  and  heating  of  the  pipe  might  otherwise 
result.  And  the  insulation  of  each  wire  must  be  reenforced 
by  approved  flexible  tubing  extending  from  the  insulator 
next  below  the  pipe  to  the  one  next  above  it.  This  should 
also  be  done  in  direct-current  wiring  if  there  is  any  possi- 
bility of  alternating  current  ever  being  used  on  the  system. 

For  high-voltage  work,  or  in  damp  places,  the  wooden 
boxing  may  be  preferable,  because  of  the  precautions  that 
would  be  necessary  to  secure  proper  insulation  if  the  pipe 
were  used.  With  these  exceptions,  however,  iron 'pipe  is 
considered  preferable  to  the  wooden  boxing,  and  its  use 
is  strongly  urged.  It  is  especially  suitable  for  the  protection 
of  wires  near  belts,  pulleys,  etc. 

/.  When  run  in  unfinished  attics,  or  in  proximity 
to  water  tanks  or  pipes,  will  be  considered  as  exposed 
to  moisture. 

16.  The  reason  for  the  first  part  of  (d)  is  that  plaster 
and  cement  are  likely  to  corrode  the  insulation  on  the  wire 
and  cause  it  finally  to  break.  If  the  plaster  is  damp,  leakage 
takes  place,  the  wire  is  gradually  dissolved  by  electrolysis, 
and  finally  it  becomes  so  thin  it  cannot  carry  its  current 
without  excessive  heating  and,  perhaps,  not  without  melting. 
While  there  are  many  places  where  wires  embedded  in  plaster 
have  been  used  for  years  without  serious  trouble,  because  of 
the  dryness  of  the  buildings  where  they  are  in  use,  trouble 
may  develop  at  any  time  and  the  practice  is  always  a  danger- 
ous one. 

The  second  part  of  (d)  is  inserted  as  a  direct  prohibition 
against  running  electric-light  wires  as  bell  wires  are  usually 
put  up.  Staples  not  only  do  not  insulate  the  wire,  but  are  likely 
to  cut  into  the  insulating  covering  already  on  it.  Rule  (c) 
is  to  prevent  the  location  of  wires  where  it  is  impossible  to 
know  that  they  are  properly  supported  and  insulated. 
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17,  The  suggestions  regarding  the  protection  of  wires 
on  side  walls  or  other  places  where  they  are  liable  to  be 
damaged,  should  be  carefully  noted.  In  interior  wiring, 
one  of  the  chief  sources  of  risk  is  the  currents  that  may 
flow  from  the  wiring  to  ground  if  the  insulation  becomes 
defective.  The  danger  from  leakage  currents  either  from 
wire  to  wire  or  from  wires  to  ground  is  fully  as  great 
if  not  greater  than  that  from  overloaded  wires  or  from 
actual  short  circuits  between  wires. 


SYSTEMS    OF    DISTRIBUTION    FOB    INTERIOR    WIRING 

18,  The  voltages  in  common  use  on  low-potential  sys- 
tems are:  For  direct  currents,  110  and  220;  for  alternating 
currents,  104  to  110.  These  are  used  on  both  two-wire 
and  three-wire  systems.  Many  lighting  companies  allow 
for  various  amounts  of  drop  at  different  points  on  their 
lines  and  install  lamps  of  different  voltages,  as,  for 
instance,  108-volt  lamps  near  the  generator  and  100-volt 
lamps  at  the  extreme  end  of  the  line,  with  lamps  of  inter- 
mediate voltages  at  intermediate  points.  But  the  lamps 
used  in  any  one  building  are  usually  all  of  the  same  voltage. 

19.  Tlie  Two- Wire  System. — This  is  the  simplest  plan 
of  wiring  and  the  one  in  most  general  use.  Fig.  11  shows 
in  diagram  its  essential  features.  The  diagram  of  connec- 
tions is  the  same  for  all  voltages  and  for  alternating  or 
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direct  currents;  but  the  fittings,  such  as  lamps,  sockets, 
cut-outs,  and  switches,  and  the  sizes  of  wire  used  will  be 
very  different.  The  fittings  and  the  proper  sizes  of  wire  to 
be  used  will  be  discussed  later. 
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20,  The  Edison  Tbree-Wlre  System. — ^This  system 
comes  next  in  importance  and  extent  of  use;  it  also  is  used 
with  various  voltages  and  with  direct  or  alternating  currents. 
Usually  the  pressures  are  110  volts  between  either  outer 
wire  and  the  middle  or  neutral  wire  and  220  volts  between 
the  outer  wires.  Fig.  12  shows  the  diagram  of  connections. 
This  system  is  also  sometimes  installed  with  220  volts 
between  the  neutral  and  outer  wires  and  440  volts  between 
the  outside  wires. 

Referring  to  the  diagram,  Fig.  12,  observe  the  following: 
When  the  currents  in  the  two  outside  wires  are  equal  in 
amount,  no  current  passes  over  the  neutral  wire;  but  when 
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the  currents  are  not  equal,  that  is,  when  more  lamps  or 
motors  are  on  one  side  of  the  neutral  wire  than  on  the 
other,  the  * 'difference  current"  flows  on  the  middle  wire. 

21,  The  advantage  of  this  system  is  that  with  lamps  of 
any  given  voltage  it  is  possible  to  save  in  the  amount  of 
wire  required.  In  the  outside  lines  of  the  lighting  company 
is  where  the  greatest  saving  is  effected,  because  the  neutral 
wire  is  there  much  smaller  than  the  outer  ones,  and  three 
wires  are  used  instead  of  four,  which  would  have  to  be  run 
if  the  generators  were  operated  independently.  In  interior 
wiring,  the  saving  is  not  so  great,  because  the  neutral  wire 
must  be  large  enough  to  carry  the  current  in  case  all  the 
load  is  turned  off  one  side  of  the  circuit,  as  would  be  the  case 
if  the  fuse  on  one  side  should  blow  and  that  on  the  other 
side  did  not,  and  because  in  small  installations,  where  unbal- 
ancing is  likely  to  occur,  three-wire  mains  must  be  large  to 
reduce  this  trouble  to  a  minimum. 
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22.  The  three-wire  system  also  has  some  disadvantages. 
Its  most  objectionable  feature  is  that  if  any  one  line  is 
opened,  as  by  the  blowing  of  a  fuse  on  one  line  only,  the 
system  is  imbalanced  and  a  voltage  different  from  that 
intended  for  the  apparatus  is  thrown  on  the  lines,  unless  the 
line  loss  is  very  small  indeed.  If  it  is  the  middle  wire  that 
opens,  the  whole  220  volts 
may  be  thrown  on  110- volt 
apparatus,  if  the  system 
is  much  unbalanced.  For 
this  reason,  some  Edison 
companies  refuse  to  place 
cut-outs  on  the  neutral 
wire^  but  the  main  switch 
should  in  all  cases  open 
all  three  lines.  Another 
weakness  of  the  three-wire 
system  is  the  fact  that 
there  is  more  danger  in 
220  volts  than  in  110,  and 
a  shock  received  from  a 
220- volt  circuit  may  be 
very  severe.  The  wiring 
is  somewhat  more  com- 
plicated, but  owing  to  the 
saving  in  line  materials, 
the  Edison  three-wire  system  has  been  introduced  to  a  very 
great  extent  and  still  meets  with  much  favor  in  new  installa- 
tions, besides  extending  the  network  of  its  wires  from 
existing  stations.  Lately  it  has  had  a  new  competitor  in  the 
220-volt  two-wire  system,  which  has  grown  in  popularity 
with  the  perfecting  of  the  220-volt  incandescent  lamp. 

23.  It  is  the  usual  practice  to  run  the  three  wires  no 
farther  within  the  building  than  to  the  centers  of  distribu- 
tion, and  from  these  centers  to  use  the  two-wire  system, 
dividing  the  circuits  as  equally  as  possible  on  the  two  sides 
of   the  three-wire  circuit,  as  shown  in  Fig.  13.      By  this 
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means,  the  branch  lines  are  fused  on  both  sides  and  amply 
protected  against  excessive  currents,  though  not  against 
high  voltage.  If  the  neutral  wire  within  the  building  is 
protected  by  a  fuse  as  large  as  that  in  either  of  the  main 
wires,  the  danger  of  that  line  opening  is  very  small. 

24.  A  method  of  running  wires  on  the  two-wire  plan 
that  is  sometimes  confused  with  the  three-wire  system  is 
illustrated  in  Fig.  14.  In  this  method  the  middle  wire  carries 
the  whole  current,  while  each  outside  wire  carries  the  current 
necessary  for  the  lights  on  its  side.  This  method  effects  no 
saving  of  copper;  in  fact,  it  often  requires  more  than  the 
two-wire  system  would,  because  the  three  wires  must  gen- 
erally be  of  the  same  size,  as  explained  under  the  subject  of 
cut-out  protection.  The  object  of  the  Arrangement  is  Solely 
to  make  it  possible  to  turn  off  a  number  of  the  lights  with- 
out running  four  wires.  The  Underwriters  will  not  permit 
it  with  more  than  660  watts  on  a  side. 

25.  House  wiring  should  consist  of  two  distinct  portions: 
the  distribution  circuits,  which  run  from  the  lamps  to  a 
center  of  distribution  and  which  should  always  be  two- 
wire  circuits,  and  the  mains,  which  run  from  the  outside 
lines  to  the  distribution  center  and  which  must  conform  to 
the  requirements  of  the  particular  system  to  be  used.    If 
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mains  must  be  installed  before  it  is  known  what  system  is 
to  supply  current,  it  will  be  sufficient  to  run  four  wires  of 
the  size  required  were  the  lamps  to  be  divided  equally 
between  two  separate  two-wire  systems.  This  will  make  it 
possible  to  connect  to  any  system  operating  at  the  voltage 
for  which  the  wiring  calculations  are  made. 
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SWITCHES  AND  CUT-OUTS 

26,  There  are  certain  devices  for  the  protection  of  con- 
stant-potential systems  that  are  necessary  no  matter  what 
voltas^e  is  used.  Should  anything:  happen  to  damage  the 
wiring,  it  is  necessary  that  the  wires  be  disconnected  from 
the  source  of  supply  of  current  with  the  least  possible  delay. 
The  devices  for  this  purpose  that  are  operated  by  hand  are 
called  swltclies.  Those  that  work  automatically  are  called 
automatic  cut-outs.  These  latter  are  of  two  kinds — 
fuses  and  circuit- breakers. 

Both  a  switch  and  an  automatic  cut-out  must  be  placed  at 
or  near  the  place  where  wires  enter  a  building.  They  must 
also  be  placed  at  various. other  points  on  the  wiring. 

27,  The  object  of  the  cut-out  is  to  protect  the  wires  and 
the  devices  connected  to  them  from  damage  due  to  the 
presence  of  too  much  current  from  any  cause  whatever. 
The  ordinary  cut-out  consists  of  a  porcelain  base  that  carries 
suitable  terminals  for  holding  a  piece  of  fusible  wire,  or  fuse, 
which  melts  and  opens  the  circuit  whenever  the  current 
becomes  excessive.  Not  only  must  the  cut-out  protect  the 
lines  when  there  is  trouble,  but  it  must  be  so  placed  that  it 
can  be  reached  to  replace  the  fuse  or  reset  the  circuit- 
breaker  when  the  trouble  is  remedied.  It  must  also  be 
arranged  so  that  the  blowing  of  a  fuse  or  the  opening  of  a 
circuit-breaker  cannot  do  any  damage. 

28,  Switches  are  designed  to  disconnect  the  lines  from 
the  source  of  electricity,  not  only  when  there  is  trouble,  but 
when  convenience  requires,  as  in  turning  off  lights,  starting 
and  stopping  motors. 

Circuit-breakers  are  not  as  commonly  used  in  interior- 
wiring  work  as  are  fusible  cut-outs.  They  are  automatic 
switches  controlled  by  an  electromagnet  and  are  made  in  a 
number  of  different  styles.     Whenever  the  current  exceeds 
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that  for  which  the  circuit-breaker  is  adjusted,  the  electro- 
magnet attracts  its  armature  and  releases  the  switch,  thus 
opening  the  circuit. 

The   following  rules  regarding  these  devices  must  be 
observed  in  all  cases: 

B^vltcbes,  Cut-Outs,  Circuit-Breakers,  Etc. — 

a.  Must,  whenever  called  for,  tmless  otherwise 
provided,  be  so  arranged  that  the  cut-outs  will  pro- 
tect, and  the  opening  of  the  switch  or  circuit- 
breaker  will  disconnect,  all  the  wires;  that  is,  in 
a  two-wire  system  the  two  wires,  and  in  a  three-wire 
system  the,  three  wires,  must  be  protected  by  the 
cut-out  and  disconnected  by  the  operation  of  the 
switch  or  circuit-breaker. 

b.  Must  not  be  placed  in  the  immediate  vicinity 
of  easily  ignitible  stuff  or  where  exposed  to  inflam- 
mable gases  or  dust  or  to  flyings  of  combustible 
material. 

In  starch  and  candy  factories,  grain  elevators,  flouring 
mills,  and  buildings  used  for  woodworking  or  other  purposes 
that  would  cause  the  fittings  to  be  exposed  to  dust  and  flyings 
of  inflammable  material,  the  cut-outs  and  switches  should 
be  placed  in  approved  cabinets  outside  of  the  dust  rooms. 
If,  however,  it  is  necessary  to  locate  them  in  the  dust  rooms, 
the  cabinets  must  be  dust-proof  and  must  be  provided  with 
self-closing  doors. 

c.  Must,  when  exposed  to  dampness,  either  be 
enclosed  in  a  waterproof  box  or  mounted  on  porce- 
lain knobs. 

d.  Time  switches  must  be  enclosed  in  an  iron 
box,  or  cabinet  lined  with  fire-resisting  material. 

If  an  iron  box  is  used,  the  minimum  thickness  of  the  iron 
must  be  .128 inch  (No.  8  B.  &  S.  gauge). 

If  cabinet  is  used,  it  must  be  lined  with  marble  or  slate  at 
least  i  inch  thick,  or  with  iron  not  less  than  .128  inch  thick. 
Box  or  cabinet  must  be  so  constructed  that  when  switch 
^  operates,  blade  shall  clear  the  door  by  at  least  1  inch. 

Automatic  Cut-Outs  (Fuses  and  Circuit-Breakers) 

Excepting  on  main  switchboards,  or  where  otherwise 
subject  to  expert  supervision,  circuit-breakers  will  not  be 
accepted  unless  fuses  are  also  provided. 

a.  Must  be  placed  on  all  service  wires,  either 
overhead  or  underground,  as  near  as  possible  to  the 
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point  where  they  enter  the  building:  and  inside  the 
walls,  and  arranged  to  cut  off  the  entire  current 
from  the  building. 

Where  the  required  switch  is  inside  the  building,  the  cut- 
out required  by  this  section  must  be  placed  so  as  to  pro- 
tect it. 

In  risks  having  private  plants,  the  yard  wires  running 
from  building  to  building  are  not  generally  considered  as 
service  wires,  so  that  cut-outs  would  not  be  required  where 
the  wires  enter  buildings,  provided  that  the  next  fuse  back 
is  small  enough  to  properly  protect  the  wires  inside  the 
building  in  question. 

b.  Must  be  placed  at  every  point  where  a  change 
is  made  in  the  size  of  wire  (unless  the  cut-out  in 
the  larger  wire  will  protect  the  smaller). 

29,  The  object  of  a  fusible  cut-out  is  to  protect  the 
wire;  therefore,  it  must  be  placed  so  that  all  the  current 
that  flows  through  the  wire  to  be  protected  will  also  pass 
through  the  cut-out.  The  fuse  is  proportioned  so  that  its 
carrying  capacity  will  not  exceed  the  carrying  capacity  of 
the  wire,  as  given  in  Table  I;  hence,  if  an  excessive  cur- 
rent flows,  the  fuse  will  melt  and  open  the  circuit  before 
the  wire  becomes  overheated.  If  a  branch  wire,  say  No.  14, 
were  connected  to  a  main,  say  No.  10,  and  if  no  cut-out 
were  placed  at  the  junction,  it  is  plain  that,  since  the 
fuse  in  the  No.  10  wire  has  a  carrying  capacity  in  excess 
of  that  allowed  for  No.  14,  a  short  circuit  or  overload 
on  the  branch  line  might  cause  overheating  of  the  No.  14 
wire.  Very  often,  however,  the  fuse  in  the  larger  wire  is  of 
such  size  that  it  protects  the  smaller  wire,  in  which  case  it  is 
not  necessary  to  place  a  fuse  at  the  junction  point.  For 
example,  take  the  case  where  No.  14  wire  at  a  fixture  outlet 
is  attached  to  the  fixture  wiring.  The  wire  in  the  fixture  is 
usually  No.  16  or  No.  18  in  order  that  it  may  pass  between  the 
gas  pipe  and  the  outer  shell,  but  the  fuse  in  the  cut-out  or  on 
the  panel  board  at  the  distributing  center  is  proportioned  in 
accordance  with  the  carrying  capacity  of  the  fixture  wire 
instead  of  the  No.  14  wire  running  from  the  panel  board 
or  cut-out  to  the  fixture;  hence,  in  this  case  the  fuse  in 
the  larger  wire  protects  the  smaller  wire  and  a  cut-out  in  the 
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fixture  canopy  where  the  fixture  wire  attaches  to  the  No.  14 
lines  is  unnecessary;  in  fact,  fixture  cut-outs  are  prohibited 
by  rule  {c)  given  below. 

c.  Must  be  in  plain  sight  or  enclosed  in  an 
approved  cabinet  and  readily  accessible.  They 
must  not  be  placed  in  the  canopies  or  shells  of 
fixtures. 

The  ordinary  porcelain  link-fuse  cut-out  will  not  be 
approved.  Link  fuses  may  be  used  only  when  mounted 
on  approved  slate  or  marble  bases  and  must  be  enclosed 
in  dust-tight,  fireproof  cabinets,  except  on  switchboards 
located  well  away  from  combustible  material,  as  in  the 
ordinary  engine  and  dynamo  room  where  these  conditions 
will  be  maintained. 

30,  Rule  (c)  is  important.  It  prohibits  the  use  of  the 
small  cut-outs  that  were  formerly  placed  in  the  canopies  of 
fixtures  in  order  to  protect  the  fixture  wiring.  These  cut- 
outs gave  a  great  deal  of  trouble  and  introduced  a  fire  risk 
that  more  than  offset  any  advantage  they  might  have  had. 
It  has  been  found  safer  and  more  satisfactory,  therefore,  to 
omit  them  and  let  the  fuse  in  the  cut-out  on  the  branch  main 
leading  to  the  fixture  afford  the  protection,  as  explained 
under  rule  (d). 

It  should  also  be  noted  that  this  rule  prohibits  the  use  of 
the  ordinary  porcelain  link-fuse  cut-outs  that  were,  until 
recently,  very  largely  used  for  the  protection  of  circuits. 
The  link  fuse  consists  of  a  piece  of  fuse  wire  or  strip  pro- 
vided with  copper  terminals,  the  fuse  wire  or  strip  being 
exposed  to  the  air.  These  fuses  were  held  between  suitable 
terminals  mounted  on  a  porcelain  base.  The  use  of  link 
fuses  is  still  permitted  when  they  are  mounted  on  slate  or 
marble  distributing  boards  and  placed  in  fireproof  cabinets, 
but  the  link-fuse  porcelain  cut-out  is  no  longer  permitted 
and  it  is  now  necessary  to  use  enclosed  fuses  instead. 
Enclosed  fuses  and  link  fuses  will  be  described  in  detail 
when  fittings  are  taken  up. 

d.  Must  be  so  placed  that  no  set  of  incandes- 
cent lamps  requiring  more  than  660  watts,  whether 
grouped  on  one  fixture  or  on  several  fixtures,  or 
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pendants,  will  be  dependent  on  one  cut-out.  Spe- 
cial permission  may  be  g^iven  in  writing  by  the 
Inspection  Department  having  jurisdiction  for 
departure  from  this  rule  in  the  case  of  large  chan- 
deliers, stage  borders,  and  illuminated  signs. 

The  above  rule  shall  also  apply  to  motors  when  more 
than  one  is  dependent  on  a  single  cut-out. 

The  idea  is  to  have  a  small  fuse  to  protect  th^  lamp 
socket  and  the  small  wire  used  for  fixtures,  pendants,  etc. 
It  also  lessens  the  chances  of  extinguishing  a  large  number 
of  lights  if  a  short  circuit  occurs. 

On  open  work  in  large  mills,  approved  link-fused  rosettes 
may  be  used  at  a  voltage  of  not  over  125,  and  approved 
enclosed-fused  rosettes  at  a  voltage  of  not  over  250,  the  fuse 
in  the  rosettes  not  to  exceed  3  amperes,  and  a  fuse  of  over 
25  amperes  must  not  be  used  in  the  branch  circuit. 

All  branches,  or  taps,  from  a  three-wire  Edison  system 
must  be  run  as  two- wire  circuits. 

31*  Rule  (d)  is  very  important  because  it  limits  the 
number  of  lamps  that  may  be  operated  on  any  one  circuit. 
On  110-volt  circuits,  660  watts  is  equivalent  to  not  more 
than  twelve  16-candlepower  lamps;  on  220-volt  circuits  not 
more  than  ten  16-candlepower  lamps.  It  is  best  not  to 
exceed  ten  lamps  to  a  circuit  except  in  the  special  cases 
mentioned  in  the  rule.  The  fused  rosettes  referred  to  under 
rule  (d)  are  small  porcelain  cut-outs  from  which  the  lamps 
are  suspended.  It  should  be  particularly  noted  that  these 
rosettes  are  not  allowed  on  pressures  higher  than  125  volts 
unless  they  are  provided  with  enclosed  fuses. 

Rule  (d)  also  applies  to  motors  when  more  than  one 
motor  is  dependent  on  a  single  cut-out.  This  refers  partic- 
ularly to  fan  motors,  as  most  motors  for  power  purposes  will 
be  over  660  watts  capacity  and  each  motor  will  therefore 
require  a  branch  circuit  and  cut-out  of  its  own. 

e.  The  rated  capacity  of  fuses  must  not  exceed 
the  allowable  carrying  capacity  of  the  wire.  Circuit- 
breakers  must  not  be  set  more  than  30  per  cent, 
above  the  allowable  carrying  capacity  of  the  wire, 
unless  a  fusible  cut-out  is.also  installed  in  the  circuit. 

This  is  very  important.  A  fuse  block  not  properly  fused 
is  of  no  use  whatever.  Irresponsible  parties  sometimes 
place  fuses  much  too  large  to  protect  the  wire  and  which 
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would  destroy  the  cut-out  if  they  should  ever  blow,  besides 
doing  other  damage.  Sometimes,  also,  fuse  blocks  are  found 
having  copper  wire  where  the  fuses  should  be;  of  course, 
they  are  of  no  use  with  such  connections.  The  common 
custom  of  fusing  with  wire  much  larger  than  that  allowable 
is  one  of  the  reasons  for  the  prohibition  of  link-fuse  porce- 
lain-base Cut-outs.  The  bases  used  with  enclosed  fuses  are 
not  easily  fused  with  any  wire  that  may  be  convenient 
because  the  terminals  are  not  suited  to  a  wire  fuse.  Note 
that  rule  (e)  fixes  the  maximum  size  of  fuse  to  be  used  on 
any  circuit  by  the  carrying  capacity  of  the  wire  protected 
and  not  by  the  current  required  for  operating  the  devices 
used  on  the  circuit.  For  example,  the  carrying  capacity  of 
a  No.  14  rubber-covered  wire  is  12  amperes  and  the  rated 
capacity  of  the  fuse  used  on  a  No.  14  circuit  could  be  as 
high  as  12  amperes  without  breaking  the  rule,  though  there 
might  only  be  ten  110- volt  lamps  on  the  circuit  requiring  a 
current  of  about  5  amperes  for  their  operation. 

Cut-outs  should  always  be  installed  in  a  location  where 
they  can  be  easily  reached  for  the  replacement  of  fuses. 
This  is  a  point  too  often  neglected  in  the  laying  out  of 
interior  wiring,  particularly  for  small  houses  where  regular 
distributing  panel  boards  are  not  used. 

When  arc  lamps  are  operated  on  constant-potential  circuits, 
each  lamp  must  be  provided  with  a  cut-out  and  the  branch 
conductors  leading  from  the  mains  to  the  lamps  should  have 
a  carrying  capacity  about  50  per  cent,  in  excess  of  the 
normal  current  in  order  to  allow  for  the  increased  current 
required  when  the  lamp  is  started  or  when  the  carbons 
become  stuck.  If  each  lamp  is  not  fed  by  a  separate  branch 
circuit  running  from  a  panel  board  or  fuse  cabinet,  it  is 
necessary  to  locate  an  enclosed-fuse  cut-out  at  the  point 
where  the  wires  leave  the  mains  for  a  lamp. 

32,  Circuit-breakers  may  be  set  so  as  to  work  with 
greater  accuracy  than  fuses;  they  respond  more  quickly  to 
sudden  overloads,  for  fuses  require  a  little  time  to  get 
hot  enough  to  melt.     For  this  reason,  circuit-breakers  may 
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be  set  for  higher  currents  than  fuses.  If  they  are  not  so  set, 
they  will  give  trouble  by  opening  the  circuit  on  momentary 
overloads  that  would  not  be  sufficient  to  melt  the  fuses. 
Circuit-breakers  are  usually  installed  to  protect  machines, 
such  as  motors  and  dynamos;  they  are  not  used  for  the  pro- 
tection of  the  branch  distribution  circuits  in  buildings  because 
the  rules  require  that  they  shall  only  be  used  in  such  places 
where  they  will  at  all  times  be  under  expert  supervision. 

33.    Bales  Belatingr  to  BTvitches. — 
STvitclies — 

a.  Must  be  placed  on  all  service  wires,  either 
overhead  or  underground,  in  a  readily  accessible        , 
place,  as  near  as  possible  to  the  point  where  the 
wires  enter  the  building,  and  arranged  to  cut  oflE 

the  entire  current. 

Service  cut-out  and  switch  must  be  arranged  to  cut  oflf 
current  from  all  devices,  including  meters. 

In  risks  having  private  plants,  the  yard  wires  running 
from  building  to  building  are  not  generally  considered  as 
service  wires,  so  that  switches  would  not  be  required  in  each 
building  if  there  are  other  switches  conveniently  located'  on 
the  mains  or  if  the  generators  are  near  at  hand. 

b.  Must  always  be  placed  in  dry,  accessible 
places  and  be  grouped  as  far  as  possible.  Knife 
switches  must  be  so  placed  that  gravity  will  tend 
to  open  rather  than  close  them. 

When  possible,  switches  should  be  so  wired  that  blades 
will  be  **aead'*  when  switch  is  open. 

If  knife  switches  are  used  in  rooms  where  combustible 
flyings  would  be  likely  to  accumulate  around  them,  they 
should  be  enclosed  in  dust-tight  cabinets.  Even  in  rooms 
where  there  is  no  combustible  material  it  is  better  to  put  all 
knife  switches  in  cabinets,  in  order  to  lessen  the  danger  of 
accidental  short  circuits  being  made  across  their  exposed 
metal  parts  by  careless  workmen. 

Up  to  250  volts  and  30  amperes,  approved  indicating  snap 
switches  are  advised  in  preference  to  knife  switches  on  light- 
ing circuits  about  the  workrooms. 

c.  Must  not  be  single-pole  when  the  circuits  that 
they  control  supply  devices  that  require  over  660 
watts  of  energy  or  when  the  difiEerence  of  potential 
is  over  -300  volts. 
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This  rule  (c)  is  important,  because  it  restricts  so  severely 
the  number  of  lamps  that  may  be  controlled  by  a  single- 
pole  switch. 

d.  Where  flush  switches  are  used,  whether  with 
conduit  systems  or  not,  the  switches  must  be 
enclosed  in  boxes  constructed  of  or  lined  with  fire- 
resisting  material.  No  push  buttons  for  bells,  gas- 
lighting  circuits,  or  the  like  shall  be  placed  in  the 
same  wall  plate  with  switches  controlling  electric- 
light  or  power  wiring. 

This  requires  an  approved  box  in  addition  to  the  porcelain 
enclosure  of  the  switch. 

e.  Where  possible,  at  all  switch  or  fixture  out- 
lets, a  1-inch  block  must  be  fastened  between  studs 
or  floor  timbers,  flush  with  the  back  of  lathing,  to 
hold  tubes  and  to  support  switches  or  fixtures. 
When  this  cannot  be  done,  wooden  base  blocks  not 
less  than  i  inch  in  thickness,  securely  screwed  to 
the  lathing,  must  be  provided  for  switches  and  also 
for  fixtures  that  are  not  attached  to  gas  pipes  or 
copduit  tubing. 

34.  Constraction  -of  Cut-Oats,  Circuit-Breakers, 
Etc. — The  rules  that  have  just  been  given  relate  to  the  loca- 
tion and  installation  of  cut-outs,  circuit-breakers,  switches, 
etc.  In  addition  to  these  rules  there  are  a  large  number  of 
Underwriters*  rules  that  relate  to  the  construction  of  these 
devices,  but  for  the  most  part  these  concern  the  manufac- 
turer rather  than  the  wireman.  A  few  only  of  the  more 
important  of  these  rules  will  be  given  here  as  a  general 
guide  to  the  wireman. 

Cut-Outs  and  Circuit-Breakers — 

a.  Must  be  supported  on  bases  of  non-combus- 
tible, non-absorptive,  insulating  material. 

b.  Cut-outs  must  be  of  plug  or  cartridge  tjrpe, 
when  not  arranged  in  approved  cabinets,  so  as  to 
obviate  any  danger  of  the  melted  fuse  metal  com- 
ing in  contact  with  any  substance  that  might  be 
ignited  thereby. 
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c.  Cut-outs  must  operate  successfully  on  short 
circuits,  under  the  most  severe  conditions  with 
which  they  are  liable  to  meet  in  practice,  at  25  per 
cent,  above  their  rated  voltage,  and  with  fuses 
rated  at  50  per  cent,  above  the  current  for  which 
the  cut-out  is  designed. 

d.  Circuit-breakers  must  operate  successfully  on 
short  circuits,  under  the  most  severe  conditions 
with  which  they  are  liable  to  meet  in  practice,  when 
set  at  50  per  cent,  above  the  current,  and  with  a 
voltage  25  per  cent,  above  that  for  which  they  are 
designed. 

e.  Must  be  plainly  marked,  where  it  will  always 
be  visible,  with  the  name  of  the  maker  and  the  cur- 
rent and  voltage  for  which  the  device  is  designed. 

Snap  S^vitches. — 

a.  Ciurent-carrying  parts  must  be  mounted  on 
non-combustible,  non-absorptive,  insulating  bases, 
such  as  slate  or  porcelain,  and  the  holes  for  support- 
ing screws  should  be  countersunk  not  less  than 
i  inch;  in  no  case  must  there  be  less  than  ih  inch 
space  between  supporting  screws  and  current- 
carrying  parts. 

Subbases,  of  non-combustible,  non-absorptive 
insulating  material,  that  will  separate  the  wires 
at  least  i  inch  from  the  surface  wired  over  should 
be  furnished  for*all  snap  switches  used  in  exposed 
knob  or  cleat  work. 

b.  Covers  made  of  conducting  material,  except 
face  plates  for  flush  switches,  must  be  lined  on 
their  sides  and  top  with  insulating,  tough,  and 
tenacious  material  at  least  iV  inch  in  thickness, 
firmly  secured,  so  that  it  will  not  fall  out  with 
ordinary  handling.  Side  lining  should  extend 
slightly  beyond  the  lower  edge  of  the  cover. 

€,  The  handle,  button,  or  any  exposed  part  must 
not  be  in  electrical  connection  with  the  circuit. 

Switches  that  indicate,  upon  inspection,  whether 
the  current  be  **on'*  or  **off "  are  recommended. 

Some  of  the  common  styles  of  switches  and  cut-outs  will 
be  described  later  when  the  methods  of  wiring  are  taken  up. 
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OPEN   WORK   IN   DRY   PLACES 

35.  Open  work  is  generally  used  in  factories,  ware- 
houses, mills,  and  other  places  where  there  is  no  objection 
to  having  the  wires  in  plain  sight,  or  in  old  buildings,  where 
the  expense  of  concealed  work  overbalances  the  objection- 
able appearance  in  the  mind  of  the  owner.  It  is  the 
cheapest  kind  of  construction  and  very  often  the  safest 
This  method  of  wiring  will  be  explained  by  means  of  simple 
examples.  

SIMPIiE  EXAMPIiE  OP  FACTORY  WIRING 

36,  Consider  a  factory,  such  as  a  long  machine  shop, 
where  there  is  but  one  floor  to  be  wired  for  110- volt 
enclosed-arc  lamps  and  incandescent  lamps  on  the  so-called 
tree  system;  that  is,  with  but  one  set  of  mains  or  feeder 
wires  leaving  the  dynamo  and  with  other  lines  branching 
from  these  mains  to  the  points  where  lamps  are  required. 
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Let  Fig.  15  represent  the  outlines  of  such  a  factory,  in 
which  incandescent  lamps  are  to  be  hung  on  lamp  cord  at 
the  points  marked  X  and  enclosed-arc  lamps  are  to  be  placed 
where  the  marks  O  are  shown.  After  finding  the  cheapest 
way  in  which  this  factory  can  be  wired  in  order  to  satisfy 
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the  Underwriters,  we  will  see  what  modifications  can  be 
made  to  better  the  light,  improve  the  system,  and  make  it 
more  convenient  and  economical  in  operation. 

37.  Assume  that  each  16-candlepower  incandescent  lamp 
requires  55  watts;  some  good  lamps  take  less  power,  but  it 
is  not  safe  to  count  on  less.  Also  assume  that  each  enclosed 
arc  is  to  take  5  amperes  while  burning  and  12  amperes  to 
start  on.  There  are  40  incandescent  lamps  and  6  arc  lamps 
to  be  wired. 

56  (watts)  -5- 110  (volts)  =  .5  (ampere  per  lamp) 
40  X    .5  =  20  (amperes  for  incandescent  lamps) 
6x6     =30  (amperes  for  arc  lamps) 

Total  amperes  =  60 

which  must  be  carried  on  the  mains  for  a  short  distance 
at  least. 

Referring  to  Table  I,  we  see  that  the  smallest  wirp  that 
will  carry  60  amperes  with  safety  is  No.  6  weather-proof. 

38.  Rales  Belatingr  to  Wires  for  Open  Work. — For 

open  work  in  dry  places  we  have  in  addition  to  the  general 
rules  relating  to  wires,  the  following  special  rules  regarding 
wires  used  in  open  work: 

Wires — 

a.  Must  have  an  approved  rubber  or  "slow-burn- 
ing" weather-proof  insulation. 

b.  Must  be  rigidly  supported  on  non-combusti- 
ble, non-absorptive  insulators  that  will  separate  the 
wires  from  each  other  and  from  the  surface  wired 
over  in  accordance  with  the  following  table: 


Voltage 

Distance  Prom 

Surface 

Inch 

Distance 

Between  Wires 

Inches 

0  to  300 
300  to  500 

i 

I 

2i 

4 
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Rigid  supporting  requires  under  ordinary  conditions, 
where  wiring  along  flat  surfaces »  supports  at  least  every 
4i  feet.  If  the  wires  are  liable  to  be  disturbed,  the  distance 
between  supports  should  be  shortened.  In  buildings  of  mill 
construction,  mains  of  No.  8  B.  &  S.  wire  or  over,  where  not 
liable  to  be  disturbed,  may  be  separated  about  4  inches  and 
run  from  timber  to  timber,  not  breaking  around,  and  may 
be  supported  at  each  timber  only. 

This  rule  will  not  be  interpreted  to  forbid  the  placing  of 
the  neutral  of  a  three-wire  system  in  the  center  of  a  three- 
wire  cleat,  provided  the  outside  wires  are  separated  2i  inches. 

39,  Rubber-covered  ivlre  used  for  interior-wiring  work 
consists  of  a  tinned  copper  wire  with  a  covering  of  rubber 
with  an  outer  braiding  of  cotton  soaked  in  preservative  com- 
pound. For  voltages  up  to  600  and  for  sizes  of  wire  from 
No.  15  to  No.  0000  the  thickness  of  insulation  varies  from 
A"  inch  to  -^  inch,  being  thinner  on  the  smaller  sizes  of  wire. 

40,  81ow-barninsr  Tveather-proof  Tvire  is  less  expen- 
sive than  rubber-covered  and  is  good  enough  for  open  work 
in  dry  places  where  the  wire  is  in  contact  with  insulating 
supports  only,  as  in  the  case  with  the  example  of  factory 
wiring  now  under  consideration.  This  wire  is  provided 
with  two  coatings,  one  of  which  is  fireproof  in  character  and 
the  other  weather-proof.  Most  of  this  wire  was  formerly 
made  with  weather-proof  braid  on  the  outside,  but  the 
Underwriters  now  require  the  fireproof  braid  to  be  placed  on 
the  outside,  and  the  compound  with  which  it  is  treated 
slicked  down  so  that  the  wire  will  have  a  hard,  dense  finish. 
The  Underwriters  lay  down  specifications  to  which  the 
various  kinds  of  wire  must  conform.  Wire  obtained  from 
almost  any  reputable  manufacturer  meets  the  requirements, 
so  it  will  not  be  necessary  to  give  the  specifications  here. 

Owing  to  the  fact  that  ordinary  weather-proof  wire  and 
fireproof  and  weather-proof  are  much  cheaper  than  rubber- 
covered,  there  is  a  tendency  on  the  part  of  the  unscrupulous 
contractors  to  use  these  wires  in  places  where  rubber-covered 
wire  only  should  be  used.  They  are  not  allowable  for 
concealed  work  or  for  open  work  where  dampness  is  present. 
Fireproof  and  weather-proof  wire  is  not  so  liable  to  bum  as 
the  old  weather-proof,  which  had  but  one  or  more  braidings 
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soaked  in  weather-proof  compound,  and  it  is  able  to  repel 
the  ordinary  amount  of  moisture  found  indoors.  It  is 
not  suitable  for  outside  line  work.  In  general,  fireproof  and 
weather-proof  wire  can  be  used  only  in  those  cases  where 
the  insulating  supports  on  which  the  wire  is  mounted  are 
depended  on  for  insulation,  the  covering  being  regarded 
simply  as  a  precaution  against  accidental  contact  with  other 
wires  or  any  other  objects.  With  rubber-insulated  wire, 
the  covering  may  in  some  cases  be  depended  on  altogether 
for  the  requisite  insulation,  as,  for  example,  where  the  wires 
constituting  the  two  sides  of  a  circuit  are  drawn  through  a 
system  of  pipes  or  conduits. 

41.  Determination  of  Sizes  of  Wire  Accordinsr  to 
Current  Capacity. — Observing  the  location  of  the  lamps 
as  shown  in  the  diagram.  Fig. '15,  it  is  seen  that  on  each 
side  of  the  building  and  down  the  center  they  are  arranged 
in  straight  lines.  Therefore,  it  will  be  easier  to  run  the 
wires  along  these  lines  and  to  fasten  the  rosettes  (small 
porcelain  fittings  from  which  the  lamps  are  suspended) 
directly  to  them,  rather  than  put  in  short  branch  lines 
and  run  the  principal  wires  in  any  other  way.  The  wires 
will  therefore  be  run  as  shown  in  the  sketch,  where  each 
line  is  supposed  to  represent  a  pair  of  wires  put  up  on 
knobs  or  cleats. 

Eighteen  incandescent  lamps  are  on  one  line,  twenty-one 
on  another,  five  arc  lamps  on  a  third,  and  one  arc  lamp  and 
one  incandescent  lamp  on  a  fourth.  Referring  again  to 
Table  I,  we  find  that  these  lines  will  require  wires  of  the  fol- 
lowing sizes:  Twenty-one  incandescent  lamps(10.5  amperes) , 
No.  14  wire;  eighteen  incandescent  lamps  (9  amperes), 
No.  14  wire;  five  arc  lamps  (25  amperes) ,  No.  10  wire;  one  arc 
lamp  and  one  incandescent  lamp  (5.5  amperes).  No.  14  wire. 

42.  liocation  of  Cut-Outs. — Since  not  more  than 
660  watts  can  be  dependent  on  one  cut-out,  if  we  lay  out 
the  wiring  as  stated  thus  far  it  will  be  necessary  to  have 
fuses  in  all  the  rosettes  and  also  a  separate  cut-out  c  at  each 
arc  lamp.    There  must  also  be  a  cut-out  at  the  point  where 
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each  branch  line  joins  the  mains.  The  small  wires  runnins^ 
from  the  cut-outs  to  the  arc  lamps  may  be  No.  14,  which  is 
large  enough  to  carry  the  starting  current  of 
12  amperes  continually,  if  necessary.  The  main 
switch  and  cut-out  should  be  located  near  the 
dynamo  in  the  engine  room.  The  wiring  as  now 
laid  out,  if  put  up  properly,  will  comply  with  all 
'*  the  Underwriters'  rules,  but  it  will  not  neces- 

sarily give  satisfaction;  it  will  merely  be'  safe. 
But  before  entering  on  the  matter  of  how  to 
improve  the  plan  of  the  wiring,  we  will  consider 
some  of  the  fittings  and  methods  of  work  that 
should  be  used  on  an  installation  of  this  kind. 


FITTINGS    USED    FOR    EXPOSED    WIRING 

43,    Open  work  must  always  be  put  up  as 

though  there  were  no  insulation  whatever  on 

the  wires  themselves.     The 

a  wires  must  be  supported  on 

o  insulators  so  as  not  to  come 

£ 


Fio.  IS  Pio.  17 


Pio.  18 


into  contact  with  any  woodwork,  pipes,  or  any 
other  thing  except  insulating  supports. 
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44,  Fittin^ns  'or  Supportinsr  Wire. — Some  varieties 
of  porcelain  fittings  suitable  for  this  kind  of  work  are  shown 
in  Figs.  16  to  25,  inclusive.  Fittings  quite  different  in  design 
may  be  used  if  they  comply  with  the  rules. 

Fig.  16  shows  an  ordinary  porcelain  knob,  in  section; 
these  are  made  in  various  si^s,  and  the  size  used  will 
depend  somewhat  on  the  size  of  wire  to  be  accommodated. 

Fig.  17  shows  the  common,  4-inch,  porcelain  tube  used 
where  wires  are  run  through  joists.  Fig.  18  is  the  style  of 
tube  used  where  wires  are  brought 
through  window  frames  from  the 
outside.  The  end  is  curved  down- 
wards to  prevent  water  running  in, 
and  the  drip  loop  a  is  formed  to 
allow  the  water  to  drip  off.  A 
similar  tube,  only  longer,  is  used 
for  bringing  wires  in  through  brick 
or  stone  walls.  Fig.  19  is  a  long, 
straight,  porcelain  tube  used  for 
passing   through  walls  or  floors.  P10.20 

Note  that  the  head  a  is  some  distance  from  the  end,  so  that 
when  the  tube  is  used  for  carrying  wires  through  floors  the 
exposed  part  of  the  wire  will  be  above  the  floor. 

Fig.  20  is  a  single-wire  cleat,  used  mostly  for  supporting 
fairly  large  wires.    Fig.  21  shows  a  two-wire  cleat  designed  to 


PiO.  21  Pio.  22 

support  the  wires  22  inches  apart,  in  order  to  conform  with 
the  Underwriters'  requirements.  Many  other  cleats  are  made, 
but  they  are  much  the  same  in  general  construction.  It  is 
always  best  to  put  up  cleats  and  knobs  with  screws,  as  a 
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better  job  is  done  than  when  nails  are  used;  nails  are,  how- 
ever, sometimes  used,  a  leather  washer  being  placed  between 
the  nail  head  and  the  porcelain,  to  prevent  the  latter  from 
being  cracked.    Fig.  22  is  a  knob  cleat  used  for  supporting 


Pig.  28 

single  wires  where  something  neater  than  the  ordinary  knob 
is  desired.  It  does  away  with  the  necessity  of  a  tie-wire 
and  is  provided  with  four  different  sized  grooves  so  that  it 

will  accommodate  wires 
of  various  thicknesses. 
Fig.  23  shows  a  double- 
headed  tube  used  when 
wires  cross  each  other. 
Porcelain  tubes  should 
always  be  used  where 
crossings  of  this  kind 
occur.  The  tube  shown 
in  Fig.  17  is  frequently 
used  for  this  purpose; 
but  if  this  is  done,  the 
end  without  a  head 
should  be  taped  to  the 
wire  to  prevent  the  tube 
sliding  along. 

Fig.  24  shows  a  fused 
rosette  or  ceiling  cut- 
^^^'  ^  out  made  in  two  parts, 

a  and  b.  Part  a  is  screwed  to  the  ceiling  and  the  lamp  is 
hung  from  the  cap  d.  The  lines  are  attached  to  the  ter- 
minals Cy  c^  and  the  lamp  cord  to  d,  d'\  /,  /'  are  the  small 
fuses.  When  the  cover  b  is  attached  to  a  by  a  twisting 
movement,  terminals  gy  g'  lock  with  hy  h'  and  make  the 
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connection  from  the  mains  to  the  lamp.  The  cord  should  be 
knotted  at  /  so  that  the  pull  will  not  come  on  the  connec- 
tions dy  d!.  Rosettes  with  link  fuses,  as  shown  in  Fig.  24, 
must  not  be  used  on  pressiures  over  125  volts  or  for  more 
than  3  amperes.  They  must  not  be  located  where  inflam- 
mable flyings  or  dust  will  accumulate  on  them  and  the  next 
fuses  back  of  them  must  not  be  of  over  25  amperes  capacity, 
as  the  rosettes  cannot  safely  break  large  currents.  Fused 
rosettes  are  not  advised  where  drop  cords  can  be  properly 
protected  by  line  cut-outs.  With  the  layout  shown  in  Fig.  15, 
it  will  be  necessary  to  use  fused  rosettes  for  the  incandescent 
lamps.  Cut-outs  of  the  plug  or  cartridge  type  would  be 
necessary  for  the  arc  lamps  because  the  current  for  each 
lamp  exceeds  the  maximum  of  3  amperes  allowed  for 
the  rosettes. 

45.  For  such  work  as  is  now  being  considered,  the  prin- 
cipal porcelain  articles  required  are  the  cleat,  the  rosette,  and 
the  cut-out,  all  of  which 

are  made  in  several  forms. 
The  selection  of  such  fit- 
tings must  be  made  with 
reference  to  the  work  in 
hand. 

If  the  wires  are  placed 
high  out  of  reach  and 
the  distance  between  the 
points  of  support  is  con- 
siderable, they  should  be 

/  Fio.  25 

separated  a  foot  or  more 

and  fastened  to  knobs.  Where  passing  through  walls  or  par- 
titions, the  wires  should  be  protected  by  porcelain  bushings. 
If  a  lamp' is  needed  not  more  than  3  feet  from  the  direct 
line  of  the  wires,  it  can  be  hung  where  required  by  means  of 
a  ceiling:  button,  Fig.  25;  but  lamp  cord  must  not  be  used  to 
run  lamps  in  this  way  more  than  2  or  3  feet  from  the  rosette. 

46.  Flexible  Ijamp  Cord. — In  selecting  lamp  cord  for 
this  kind  of  work  and  in  securing  good  sockets,  too  much 

46B— 24 
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care  cannot  be  taken,  for  trouble  occurs  more  frequently  in 
lamp  cord  and  sockets  than  in  any  other  part  of  the  wiring, 
if  these  articles  are  not  of  the  highest  grade.  There  is  much 
temptation  to  use  lamp  cord  for  purposes  other  than  those 
for  which  it  is  designed.  The  rules  regarding  it  are  given 
here,  and  special  attention  is  directed  to  them: 

Flexible  Cord — 

•   a.     Must  have  an  approved  insulation  and  cov- 
ering. 

b.  Must  not  be  used  where  the  difiEerence  of 
potential  between  the  two  wires  is  over  300  volts. 

c.  Must  not  be  used  as  a  support  for  clusters. 

d.  Must  not  be  used  except  for  pendants,  wiring 
of  fixtures,  and  portable  lamps  or  motors,  and  port- 
able heating  apparatus. 

The  practice  of  making  the  pendants  unnecessarily  long 
and  then  looping  them  up  with  cord  adjusters  is  strongly 
advised  against.  It  oflfers  a  temptation  to  carry  about  lamps 
that  are  intended  to  hang  freely  in  the  air,  and  the  cord 
adjusters  wear  off  the  insulation  very  rapidly. 

For  all  portable  work,  including  those  pendants  that  are 
liable  to  be  moved  about  suflSciently  to  come  in  contact  with 
surrounding  objects,  flexible  wires  and  cables  especially 
designed  to  withstand  this  severe  service  are  on  the  market 
and  should  be  used. 

The  standard  socket  is  threaded  for  i-inch  pipe,  and  if  it 
is  properly  bushed,  the  reenforced  flexible  cord  will  not  go 
into  it;  but  this  style  of  cord  may  be  used  with  sockets 
threaded  for  f-inch  pipe  and  provided  with  substantial  bush- 
ings. The  cable  is  to  be  supported,  independent  of  the 
overhead  circuit,  by  a  single  cleat,  and  the  two  conductors 
then  separated  and  soldered  to  the  overhead  wires. 

The  bulb  of  an  incandescent  lamp  frequently  becomes 
hot  enough  to  ignite  paper,  cotton,  and  similar  readily 
ignitible  materials,  and  in  order  to  prevent  it  from  coming 
in  contact  with  such  materials,  as  well  as  to  protect  it  from 
breakage,  every  portable  lamp  should  be  surrounded  with  a 
substantial  wire  guard. 

e.  Must  not  be  used  in  show  windows. 

/.  Must  be  protected  by  insulating  bushings 
where  the  cord  enters  the  socket. 

g.  Must  be  so  suspended  that  the  entire  weight 
of  the  socket  and  lamp  will  be  borne  by  knots  under 
the  bushing  in  the  socket,  and  above  the  point 
where  the  cord  comes  through  the  ceiling  block  or 
rosette,  in  order  that  the  strain  may  be  taken  from 
the  joints  and  binding  screws. 
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47.  In  selecting  flexible  cord  for  any  given  job  of  wiring, 
the  class  of  work  for  which  the  cord  is  to  be  used  must  be 
kept  in  view. 

The  following  rule  specifies  the  kind  of  insulated  cord 
that  must  be  used  with  portable  apparatus. 

For  portable  lamps  ^  small  motors  ^  etc.: 

a.  Flexible  cord  for  portable  use  must  meet  all 
the  requirements  for  flexible  cord  for  pendant  lamps 
both  as  to  construction  and  thickness  of  insulation, 
and  in  addition  must  have  a  tough  braided  cover 
over  the  whole.  There  must  also  be  an  extra  layer 
of  rubber  between  the  outer  cover  and  the  flexible 
cord,  and  in  most  places  the  outer  cover  must  be 
saturated  with  a  moisture-proof  compound  thor- 
oughly slicked  down.  In  offices,  dwellings,  or  in 
similar  places  where  appearance  is  an  essential 
feature,  a  silk  braid  may  be  substituted  for  the 
weather-proof  braid. 

48,  liamp  Bases. — The  style  of  lamp  socket  used  in  a 
given  job  of  wiring  will  depend  on  the  kind  of  lamp  base 
used  on  the  system.  A  large  number  of  different  styles  of 
lamp  bases  have  been  brought  out,  but  the  number  has 
gradually  been   cut  down  until  the  three  types  shown  in 


W  (hi  (e) 

Fig.  26 

Fig.  26  cover  practically  all  the  lamps  in  use  in  the  United 
States;  these  are  the  Edison  (a),  the  Thomson-Houston  (d), 
and  the  Sawyer-Man,  or  Westinghouse  (c).  Of  these  three, 
the  Edison  base  is  the  most  popular  and  is  rapidly  super- 
seding the  other  two.     In  each  case,  the  terminals  of  the 
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socket  are  marked  /,  /'.  When  the  lamp  is  placed  in  the 
socket,  these  make  connection  with  corresponding  terminals, 
thus  connecting  the  circuit  with  the  lamp. 

49.  liamp  Sockets  and  Receptacles. — A  large  variety 
of  lamp  sockets  are  manufactured,  but  they  are  all  much  the 
same  in  general  design.     Some  of  these  are  provided  with 


Fio.  27 
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keys  for  turning  the  light  off  or  on;  others  are  keyless — the 
light  being  controlled  by  a  separate  switch.  The  main 
thing  to  look  out  for  in  selecting  sockets  is  to  see  that  they 
are  substantial;  one  of  the  most  common  sources  of  trouble 
on  incandescent-lighting  circuits  is  flimsy  sockets  that  are 
continually  getting  out  of  order.     Fig.  27  shows  a  typical 


(a) 


(b) 


Fig.  29 


Pio.80 


key  socket  for  an  Edison  base  lamp.  Sockets  should  be  so 
constructed  that  the  shell  a  will  be  insulated  from  the  wires. 
The  rubber  or  composition  bushing  shown  in  Fig.  28  must 
be  used  to  protect  the  cord  where  it  passes  through  the 
shell.  Ordinary  key  sockets  are  suitable  for  work  with 
incandescent  lamps  not  exceeding  32  candlepower. 
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Fig.  29  shows  a  waterproof,  keyless  socket  for  an  Edison 
base.  The  shell  a  is  of  porcelain  and  the  wires  b,  b  are 
attached  directly  to  the  mains.  Sockets  of  this  type  are 
required  by  the  Underwriters  whenever  wiring  is  done  in 
damp  places,  such  as  breweries,  dye  houses,  etc. 

Fig.  30  (a)  and  (b)  shows  two  styles  of  keyless  recepta- 
cles. That  shown  in  Fig.  30  {a)  is  almost  entirely  of  porce- 
lain and  is  designed  for  a  lamp  having  a  Thomson-Houston 
(T.  H.)  base.  That  shown  in  Fig.  30  {b)  is  provided  with 
a  porcelain  base  and  a  brass  shell,  the  terminals  being 
designed  to  take  a  Sawyer-Man,  or  Westinghouse,  base. 


CURRENT  REQUIRED  FOR  LAMPS 

50.  In  making  wiring  calculations,  it  is  necessary  to 
know  the  current  taken  by  the  lamps.  This  varies  some- 
what with  different  makes  and  can  be  calculated  exactly  if 
the  watts  per  candlepower  are  known.  For  ordinary  calcu- 
lations, it  will  be  found  convenient  to  use  the  current  given 

TABIiE   111 
POWER    CONSUMPTION    OF    INCANDESCENT    LAMPS 


Candlepower 

Voltage 

Current 
Amperes 

Watts 

8 

no 

.27 

30 

ID 

no 

.32 

35 

i6 

no 

.50 

55 

i6 

52 

1. 00 

52 

i6 

220 

.30 

66 

32 

no 

1. 00 

no 

in  Table  III.  The  current  taken  by  enclosed  arc  lamps 
varies  with  the  make  and  size  of  lamp.  About  5  amperes  is 
a  fair  average  for  constant-potential  enclosed  arcs,  though  in 
some  cases  lamps  may  be  designed  for  6  amperes,  while  in 
others  where  a  long  arc  is  used,  the  current  may  be  as  low 
as  4  amperes. 
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FUSES 

51.  lilnk  Fuses. — Fig,  31  shows  an  ordinary  link  fuse 
consisting  of  a  fusible  wire  or  strip  c  (generally  made  of  a 
mixture  of  lead  and  tin)  provided  with  copper  terminals  a,  d. 
The  terminals  are  necessary  in  order  to  provide  good  con- 
tact between  the  fuse  and  the  fuse-block  terminals;  and,  also, 
to  prevent  damage  to  the  soft  fuse  wire  from  the  clamping 
A  mm  screws.  Link  fuses  are 
=^^i^==Af7^  J  gradually  going  out  of  use; 
"^  l^  they  are  not  as  reliable  as 
enclosed  fuses  of  the  plug 
or  cartridge  types  and  are  no  longer  allowed  except  in 
rosettes  where  the  current  must  not  exceed  3  amperes,  or  on 
panel  boards  that  are  mounted  in  fireproof  cabinets.  Even 
on  panel  boards,  the  best  practice  is  to  use  enclosed  fuses 
in  preference  to  those  of  the  link  type  even  though  the 


Fig.  31 


(a)  (k) 

Pio.  82 

latter  are  not  prohibited.  For  all  fuses  mounted  on  porcelain 
bases  and  used  outside  of  cabinets,  the  enclosed  type  must 
now  be  used. 

62.  X^nclosed  Fuses. — The  oldest  type  of  enclosed  fuse 
is  the  Edison  plu^,  Fig.  32.  They  are  used  on  125-volt  cir- 
cuits and  are  made  for  currents  from  3  amperes  to  30  amperes. 
They  are  also  allowable  on  three-wire  circuits  with  grounded 
neutral  where  the  pressure  between  the  outside  wires  does 
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not  exceed  250  volts.  The  fuse  /,  Fig.  32,  is  mounted  in  a 
procelain  holder  and  attached  to  the  screw  terminal  s  and  the 
contact  p;  the  holder  is  provided  with  a  brass  cap  with  an 
opening^  covered  with  mica  or  with  a  plain  cap  without  mica. 


Branch  Circuits 


(e) 
Pio.  38 


These  plugs  screw  into  the  receptacles  on  the  fuse  block, 
and  whenever  a  fuse  blows,  a  new  plug  i^  inserted. 

Fig.  33  (a)  shows  a  three-wire  main  block  and  (^)  a  three- 
wire   brancli   block;     (c)    shows   three   two-wire   double 
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brancli  blocks  grouped  together  to  form  a  distributing 
center.  The  advantages  of  this  type  of  fuse  are  that  it  is 
enclosed  and  that  it  gives  good  contact  between  the  fuse  and 
the  fuse-block  terminals. 

63.  Most  enclosed  fuses  are  of  the  so-called  cartridgre 
type,  shown  in  Fig.  34.  The  enclosed  fuse  consists 
essentially  of  an  insulating  tube  provided  with  metal  ends  ^,  b 
that  fit  into  clips  c,c  when  the  tube  is  placed  in  position. 
The  fuse  wire  (which  is  often  made  of  zinc  or  aluminum) 
passes  through  this  tube  and  is  surrounded  with  a  non-con- 
ducting material  that  will  flux  with  the  molten  metal  ^nd 
effectually  suppress  the  arc.     One  objection  that  has  been 


Fio.  34  Pio.  35 

urged  against  enclosed  fuses,  outside  of  their  higher  cost  as 
compared  with  link  fuses,  is  the  difficulty  in  telling  whether 
a  fuse  has  blown  or  not  since  it  is  enclosed  and  cannot  be 
seen.  In  the  type  of  fuse  shown  in  Fig.  34  this  difficulty  is 
overcome  by  shunting  the  main  fuse  by  a  small  wire  that 
runs  under  a  label  on  the  cartridge.  When  the  main  fuse 
blows,  the  small  wire  at  once  melts  and  makes  a  mark  on 
the  label. 

Fig.  35  shows  an  adaptation  of  the  cartridge  type  of  fuse 
to  the  Edison  plug.  Cut-outs  already  installed  for  use  with 
Edison  plug  fuses  can  thus  be  made  to  serve  for  cartridge 
fuses  and  can  be  used  for  pressures  as  high  as  250  volts. 
The  small  cartridge  fuse  a  is  pushed  through  the  hole  in  the 
bottom  of  the  plug  and  is  held  by  the  clip  h  so  that  when  the 
plug  is  screwed  in  place  the  current  passes  through  the  fuse 
by  way  of  the  contacts  c.dyC,     When  a  fuse  blows,  it  is 
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necessary  to  replace  the  cartridge  only  and  not  the  whole 
plug  as  with  the  Edison  plug  fuse. 

54.  The  chief  advantages  of  enclosed  fuses  are  that  they 
are  more  reliable  than  link  fuses  and  prevent  arcing.  The 
fuse  wire  is  not  exposed  to  air-currents  and  it  is  impossible 
for  it  to  come  in  contact  with  substances  other  than  those 
for  which  the  fuse  was  originally  designed  and  adjusted. 
Manufacturers  of  enclosed  fuses  make  arrangements  for 
refilling  the  cartridges,  so  that  the  expense  of  using  these 
fuses  is  not  as  great  as  their  first  cost  would  indicate. 

55.  Rating?  of  Fuses. — Every  fuse  must  be  marked 
with  the  rated  current  that  it  is  designed  to  carry  and  also 
the  voltage  of  the  circuit  for  which  it  is  intended.  The  rated 
current  is  not  the  current  at  which  the  fuse  will  open  the 
circuit.  According  to  the  National  Code,  fuses  must  be 
constructed  so  that  with  the  surrounding  air  at  a  temperature 
of  75®  F.  they  will  carry  indefinitely  a  current  10  per  cent, 
greater  than  that  at  which  they  are  rated,  and  at  a  current 
25  per  cent,  greater  than  the  rating,  they  will  open  the  circuit 
without  reaching  a  temperature  that  will  injure  the  fuse 
tube  or  terminals  of  the  fuse  block. 


WIRING    FOR    A    UNIFORM    DROP 

56.  In  the  method  of  wiring  illustrated  in  Fig.  15,  the 
lamp  on  the  extreme  end  of  the  line  in  the  office  is  much 
farther  from  the  dynamo  than  the  first  lamp  on  that  line. 
Owing  to  the  resistance  of  the  wire,  the  distant  lamp  will 
not  bum  as  brilliantly  as  the  nearer  one;  therefore,  it  is 
desirable  to  have  a  system  of  wiring  on  which  the  lamps  will 
all  glow  with  equal  brightness.  Also,  it  is  not  desirable,  in 
many  cases,  to  have  a  rosette  with  a  fuse  at  each  lamp,  as 
this  means  many  small  fuses,  and  many  very  small  fuses, 
besides  causing  more  trouble,  are  not  as  reliable  as  a  few 
larger  ones.  Fig.  36  represents  the  factory  wired  so  as  to 
avoid  these  two  undesirable  conditions.  Where  joints  are 
made  without  changing  the  size  of  the  wire,  no  cut-outs  are 
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required.     In  these  wiring:  diagrams  but  one  line  is  drawn  to 
represent  the  two  wires  that  must  be  installed. 

In  the  wiring  diagram  shown  in  Fig.  36,  there  being  less 
than  660  watts  on  any  branch  circuit,  fuses  may  be  omitted 
from  the  rosettes  (or  f useless  rosettes  installed).  Fuses  of 
a  proper  size  to  protect  the  lamp  cord  must  be  placed  in  the 
cut-outs,  that  is,  6-ampere  fuses  if  No.  16  cord  is  used.    In 


Pxo.86 

such  an  installation.  No.  18  lamp  cord  cannot  be  used  without 
fused  rosettes,  unless  not  more  than  six  lamps  are  placed  on 
a  branch  circuit,  because  a  3-ampere  fuse  is  required  to  pro- 
tect No.  18  wire,  and  if  placed  in  a  cut-out,  it  will  not  allow 
current  to  pass  for  more  than  six  110-volt  lamps.  The  sizes 
of  wires  permitted  by  the  insurance  rules  will  be  the  same 
as  in  the  first  case  studied. 

57.  We  will  now  take  up  the  subject  of  line  calculations 
with  reference  to  loss  of  power,  or  drop  in  potential. 
Table  IV  gives  the  resistance  of  pure  copper  wire  at  75°  F. 
(24®  C),  which  is  the  temperature  at  which  wiring  calcula- 
tions are  usually  made.  The  conductivity  of  commercial 
copper  T^re  is  from  98  to  99.5  per  cent,  of  that  of  pure 
copper. 

In  ordinary  interior  wiring,  the  variations  in  resistance 
due  to  changes  in  temperature  are  usually  disregarded, 
although  they  must  be  taken  into  account  in  the  design  of 
most  kinds  of  electrical  apparatus  where  they  affect  the 
regulation  very  much,  as,  for  instance,  in  the  field  coils  on 
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TABIiK  IV 

RESISTANCE    OF    PITKB    COPPER    WIRE 


Number 
B.ftS. 

Resistance  at  75**  P. 

Ohms 

Ohms 

Feet 

per  1,000  Feet 

perMUe 

per  Ohm 

oooo 

.04893 

.25835 

20,440. 

000 

.06170 

.32577 

16,210. 

oo 

.07780 

.41079 

12,850. 

o 

.09811 

.51802 

10,190. 

I 

.1237 

.65314 

8,083. 

2 

.1560 

.82368 

6,410. 

3 

.1967 

1.0386 

5,084. 

4 

.2480 

1.3094 

4,031. 

5 

.3128 

I.6516 

3,197. 

6 

.3944 

2.0825 

2,535. 

7 

.4973 

2.6258 

2,011. 

8 

.6271 

3.3111 

1.595. 

9 

.7908 

4.1753 

1,265. 

lO 

.9972 

5.2657 

1,003. 

II 

1.257 

6.6369 

795.3 

12 

1.586 

8.3741 

630.7 

13 

1.999 

10.555 

500.1 

14 

2.526 

I3.311 

396.6 

15 

3.179 

16.785 

314.5 

i6 

4.009 

21.168 

249.4 

17 

5.055 

26.691 

197.8 

i8 

6.374 

33.655 

156.9 

19 

8.038 

42.441 

124.4 

20 

10.14 

53.539 

98.66 

21 

12.78 

67.479 

78.24 

22 

16.12 

85.114 

62.05 

23 

20.32 

107.29 

49.21 

24 

25.63 

135.53 

39.02 

25 

32.31 

17(^.59 

30.95 

26 

40.75 

215.16 

24.54 

27 

51.38 

271.29 

19.46 

28 

64.79 

342.09 

15.43 

29 

81.70 

431.37 

12.24 

30 

103.0 

543.84 

9.707 

31 

129.9 

685.87 

7.698 

32 

163.8 

864.87 

6.105 

33 

2066 

1,090.8 

4.841 

34 

260.5 

1,375.5 

3.839 

35 

328.4 

1,734.0 

3045 

36 

414.2 

2,187.0 

2.414 

37 

522.2 

2,757.3 

I.915 

38 

658.5 

3,476.8 

I.519 

39 

830.4 

4,384.5 

1.204 

40 

1,047. 

5,528.2 

.955 
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a  generator.  The  greatest  variation  in  temperature  at  all 
likely  to  occur,  and  that  will  occur  but  rarely  and  only  in 
open  work,  is  about  100°  F.  This  will  correspond  to  a 
change  in  resistance  of  about  21  per  cent. 

The  resistances  of  wires  smaller  than  No.  18  are  of  no 
use  in  practical  wiring,  but  are  given  for  reference,  as  small 
wires  are  used  in  many  pieces  of  mechanism,  such  as  fan 
motors,  resistance  boxes,  etc.,  with  which  wiremen  have  to 
deal,  and  also  in  bell  and  annunciator  work. 

58.  The  efficiency  of  a  system  of  electric  wiring  is  low 
if  the  percentage  of  power  that  is  consumed  in  heating  the 
wires  instead  of  being  conveyed  to  the  lamps  or  other  trans- 
forming devices  is  large.  This  loss  of  power  (in  watts)  is 
equal  to  the  volts  drop  in  the  line  multiplied  by  the  current 
in  amperes.  Wiring  specifications  usually  call  for  so  many 
volts  drop  or  not  more  than  a  certain  percentage  of  drop 
on  the  line  between  the  lamps  and  the  center  of  distribution 
and  between  the  center  of  distribution  and  the  point  where 
the  wires  enter  the  building  or  where  the  dynamo  is  located. 


CALCULATION    OP    LINE    LOSSES    DUE    TO    RESISTANCE 

59.  We  will  now  calculate  the  drop  on  the  wires  in  the 
factory  shown  in  Fig.  36,  using  the  smallest  wires  permitted 
by  the  Underwriters.  The  distance  from  the  dynamo  D 
to  point  A^  which  is  the  average  distance  that  the  current 
travels  on  the  No.  6  wire,  is  150  feet  (allowing  for  risers  to 
a  ceiling  15  feet  high).  As  there  must  be  two  wires,  the 
total  length  of  wire  is  300  feet  or  .3  thousand  feet. 

The  resistance  of  1,000  feet  of  No.  6  wire  (Table  IV)  is 
.3944  ohm;  therefore,  the  resistance  of  300  feet  of  No.  6  wire 
is  .3  X  .3944  =  .11832  ohm.  This  line  carries  50  amperes. 
By  Ohm's  law,  the  drop  is  given  by  the  following  relation: 
Drop  in  line  (volts)  =  current  in  line  X  resistance  of  line; 
hence,  drop  =  50  X  .118  =  5.9  volts. 

The  line  from  A  \.o  B  carries  current  for  nine  lamps,  or 
4.5  amperes.  Its  distance  is  140  feet  and  the  resistance 
of  the  No.  14  wire  is  2.526  ohms  per  1,000  feet;   hence, 
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drop  =  4.5  X  ^77^  X  2.526  =  3.18  volts  drop  on  the 

branch  line  of  No.  14  wire. 

The  total  drop  from  D  to  B  will  then  be  5.9  +  3.18 
=  9.08  volts.  This  is  8.25  per  cent,  of  110  volts,  altogether 
too  much  for  such  a  plant  as  we  have  been  considering. 

The  reason  why  such  a  large  loss  must  not  be  permitted, 
in  addition  to  the  simple  matter  of  economy  of  power,  is 
that  such  a  large  falling  off  in  voltage  will  greatly  reduce 
the  brightness  of  the  lamps  and  poor  service  will  result. 
The  cost  of  power  alone,  however,  is  usually  a  sufficient 
reason  to  prohibit  such  great  losses  in  the  wiring. 

60.  The  plant  we  are  considering  requires  50  amperes 
at  110  volts,  or  5,500  watts.  This,  if  furnished  by  a  light- 
ing company,  will  cost  between  10  and  20  cents  a  kilowatt- 
hour,  at  the  rates  ordinarily  charged.  That  will  be  from 
$.55  to  $1.10  an  hour  for  light.  8.3  per  cent,  of  this  is 
4.565  cents  to  9.13  cents  an  hour.  If  the  lights  are  used 
an  average  of  2  hours  a  day  300  days  a  year,  this  will 
amount  to  from  $27.39  to  $54.78  a  year.  Even  if  the  loss 
were  only  one-fourth  as  great,  the  saving  in  the  cost  of 
light  in  a  year  would  more  than  pay  for  the  additional  cost 
of  wire. 

It  is  usual  to  specify  a  2-per-cent.  drop  for  such  installa- 
tions as  this  when  the  current  is  to  be  purchased  at  fairly 
high  prices,  and  a  3-per-cent.  to  5-per-cent.  drop  where 
the  current  is  produced  cheaply,  as  by  a  dynamo  on  the 
premises.  Not  more  than  a  5-per-cent.  drop  should  be  per- 
mitted on  short  distances,  even  where  very  cheap  work  is 
desired.  This  would  be  accomplished  in  this  case  by  using 
No.  4  wire  for  the  feeders  and  No.  12  for  the  branch  lines. 
The  student  may  calculate  the  loss  exactly  by  the  use  of 
Table  IV. 

61.  Drop  In  Arc-Iilsht  Wirlngr. — The  loss  on  the  arc 
lines  using  No.  10  wire  from  the  point  A  is  found  as 
follows.  The  resistance  of  No.  10  wire  is  about  1  ohm 
per  1,000  feet. 
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Drop  trom'A  to  lamp  No.  5  =  15  (amperes)  X  ^^^^i^^^^  »  .3  voU 

Drop  from  lamp  No.  2  to  lamp  No.  S  =  lOX    ^  qqq      =  1  ^It 

2X  50X 1 
Drop  from  lamp  No.  1  to  lamp  No.  2  =  6  X  — rTvvj —  *"  '^  ^^ 

Drop  from  lamp  No.  4  to  lamp  No.  5  »  .5  volt 
Drop  from  A  to  lamp  No.  4  =  lOX    ^000      "*  '^ 

Total  drop  to  lamp  No.  i  =  .3  +  1  +  .6  =  1.8  volts 
Total  drop  to  lamp  No.  2  =  .3  +  1  =1.3  volts 

Total  drop  to  lamp  No.  5  =  .3  volt 

Total  drop  to  lamp  No.  4  =  .8  volt 

Total  drop  to  lamp  No.  J  =  .8+  .5        =  1.3  volts 

These  slight  variations  can  be  permitted  on  the  arc  lamps 
without  inconvenience. 

62.  Size  of  Wire  for  Arc  Ijl^hts. — It  should  be  noted 
that  No.  10  wire  is  the  smallest  permitted  on  this  line  if  the 
line  is  protected  by  but  one  cut-out.  But  if  the  line  is 
divided  into  two  parts,  one  for  lamps  Nos.  1,  2,  and  3  and 
one  for  lamps  Nos.  4  and  5,  with  separate  cut-outs  for  each 
of  these  lines,  smaller  wires  may  be  used,  so  far  as  the 
Underwriters'  rules  are  concerned.  Fig.  37  shows  the  sizes 
permitted  (a)  with  a  single  branch  block  and  (d)  with  a 
double  branch  block. 

The  wires  that  have  their  sizes  designated  by  odd  num- 
bers from  No.  7  up  are  not  usually  manufactured  and  cannot 
be  purchased  except  on  special  order.  Therefore,  work  must 
be  done  without  using  Nos.  7,  9,  11,  and  13.  The  resist- 
ances of  these  sizes,  however,  are  given  in  the  table,  as  these 
wires  are  extensively  used  in  the  manufacture  of  electrical 
machinery.  In  tables  given  later,  the  above  sizes  are  not 
given,  although  in  a  number  of  cases  they  would  come 
nearer  the  calculated  size.  In  interior  wiring  it  does  not,  as 
a  rule,  pay  to  be  too  saving  in  regard  to  the  sizes  of  \^ire, 
and  the  nuisance  of  carrying  a  large  number  of  sizes  of  wire 
in  stock  more  than  counterbalances  any  slight  gain  there 
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might  be  in  the  copper  used  on  a  given  job.     For  this  reason, 
the  above  odd  sizes  are  not  generally  used.     Moreover,  the 


PlO.  37 


tendency  is  always  to  add  more  lights  to  a  system,  and  it  is 
best  to  be  liberal  when  installing  the  wire. 


CAIXrCTLATION    OF 


THE     PROPER     SIZE 
GIVEN     LOSS 


OF    WIRE     FOR    A 


63.     Wiring  for  110  Volts,  2  Per  Cent.  Drop,— We 

will  now  calculate  the  sizes  of  wires  required  in  the  building 
wired  according  to  Fig.  36  for  a  loss  of  2  per  cent.  (2  per 
cent,  of  110  =  2.2  volts). 

This  calculation  will  be  made  with  a  view  to  making  the 
drop  uniform  along  all  the  lines;  that  is,  we  will  make  the 
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volts  drop  per  foot  of  line  as  nearly  equal  as  possible  in 
feeders  and  branches.  The  proper  value  of  volts  drop 
per  foot  is  found  by  allowing  the  desired  drop  to  the  most 
distant  gfroup  of  lamps  in  the  system  and  distributing:  this 
drop  uniformly  along:  the  lines  to  the  g:enerator. 

The  average  distance  from  the  dynamo  to  the  most  distant 
g:roup  of  lamps  B  is  150  +  140  =  290  feet.  This  requires 
580  lineal  feet  of  wire,  or  .58  thousand  feet,  there  being  two 

lines.    ?-2%M  =  3.8  volts  per  1,000  feet.     3.8  (volts) 
.58 

-r  50  (amperes)  =  .076  ohm  per  1,000  feet  for  mains.     The 

nearest  wire  to  this  is  No.  00,  with  .078  ohm  per  1,000  feet. 

Using   this,    the   loss  on   the  mains  will  be  .3  X  .078  X  50 

=  1.17  volts,  leaving  2.2  -  1.17  =  1.03  volts  to  be  lost  in 

the  branch  line.     The  length  of  the  branch  is  140  feet  (280 

or  .28   thousand   feet   double   distance)  and   the   drop   per 

1  0^ 
1,000  feet  is  ^^  =  3.68  volts.     The  current  in  the  branch 
.28 

is  4.5  amperes;  hence,  the  allowable  resistance  per  1,000  feet 

is  -f-—  =  .82  ohm.     This  would  call  for  a  No.  9  wire.    In 
4.5 

Art.  69  the  sizes  were  No.  6  for  the  mains  and  No.  14  for 

the  branch  under  consideration;  consequently,  to  reduce  the 

drop  from  9.08  volts  to  2.2  volts  these  sizes  must  be  increased 

to  No.  00  and  No.  9,  respectively. 

64.     wiring  for  220  Volts,  3  Per  Cent.  Drop. — As  a 

further  exercise  in  calculating  the  required  sizes  of  wires  in 
terms  of  resistances  per  1,000  feet,  let  us  ascertain  the  proper 
sizes  of  wire  to  equip  the  factory  with  220-volt  lamps,  allow- 
ing 3  per  cent.  loss. 

As  220-volt  lamps  are  not  as  efficient  as  110-volt  lamps, 
allow  60  watts  per  16-candlepower  lamp  and  3  amperes  per 
enclosed-arc  lamp.  The  circuits  for  incandescent  lamps 
carry  approximately  equal  loads  and  are  of  about  the  same 
length,  so  that  it  will  be  sufficient  to  calculate  the  size  of 
wire  for  one  circuit  only.  10  (lamps)  X  60  (watts  per  lamp) 
•«-  220  (volts)  =  2.73  amperes. 
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4  X  2.73  =  10.92  amperes  for  incandescent  lamps 

5  X  3.00  =  15.00  amperes  for  arc  lamps 

25.92  amperes  total  current 

3  per  cent,  of  220  volts  is  6.6  volts.    ^  =  11.38  volts  lost 

.58 

per  1,000  feet;  ^^  =  .44  ohm  per  1,000  feet  for  the  mains. 
25.9 

The  wire  with  resistance  nearest  this  is  No.  6,  with  .394  ohm 

per  1,000  feet.     Using  this  size,  we  have  a  loss  on  the  mains 

of  .3  X  .394  X  25.9  =  3.07  volts,  leaving  3.53  volts  to  be 

lost  on  branch  lines. 

The  size  of  these  branch  lines  will,  therefore,  be  found  as 

follows:    -j—  =  volts  drop  per  1,000  feet  in  branch  lines  and 
.28 

^  -5-  2,73  =  4.62  ohms  per  1,000  feet. 

.28 

Table  IV  gives  4.009  ohms  per  1,000  feet  for  No.  16  wire, 
which  is  smaller  than  the  Underwriters  will  permit.  No.  14 
must  be  used,  even  though  it  is  larger  than  necessary  as  far 
as  the  drop  is  concerned.  The  loss  on  the  branch  line  will 
then  be  .28  X  2.526  X  2.73  =  1.93  volts,  leaving  6.60  -  1.93 
=  4.67  volts  to  be  lost  in  the  mains,  instead  of  3.07,  as  pre- 

viously  calculated.     — ^-  -r  25.9  =  .6  ohm  per  1,000  feet  in 

feeders.     No.  8  wire  has  .627  ohm  per  1,000  feet  and  is 
nearest  the  required  size. 

In  220-volt  wiring,  where  the  distances  within  the  building 
are  short,  the  wireman  will  usually  find  that  the  minimum 
sizes  of  wires  specified  by  the  Underwriters  are  large  enough 
to  carry  the  current  with  less  than  2  per  cent.  loss.  In  small 
dwellings  wired  on  the  closet  system  of  distribution  with 
220-volt  circuits,  it  will  not  be  necessary  to  pay  any  attention 
whatever  to  the  drop  on  inside  lines. 

65.  Center  of  Distribution. — In  making  calculations 
relating  to  wiring,  the  distance  to  be  taken  is  the  average 
distance  through  which  the  current  supplied  can  be  con- 
sidered  as  flowing.     For  example,   take   a  case  like  that 

46B— 25 
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shown  in  Fig.  38,  where  a  circuit  is  run  from  a  distributing 
point  -^  to  a  number  of  lamps  B,  For  the  first  100  feet  no 
lamps  are  connected;  we  then  have,  say  twelve  lamps  spread 
out  over  50  feet  at  the  end.  In  calculating  the  drop  on  such 
a  circuit,  it  is  evident  that  the  full  length  should  not  be  taken, 
because  the  whole  of  the  current  does  not  flow  through  all  the 
line.  The  current  keeps  decreasing  as  each  lamp  is  passed. 
The  center  of  distribution  for  the  lamps  will,  therefore,  be 
at  C  and  the  average  length  of  wire  through  which  the 
6  amperes  is  carried  is  2  X  125  =  250  feet.  If  the  lights  were 
bunched  at  the  end  of  the  line,  the  distance  to  the  center 


'tOOff' 


1 25ft ' 


%. 


Pio.88 

of  distribution  would  be  the  same  as  the  length  of  the 
line,  and  the  length  of  wire  through  which  the  6  amperes 
would  flow  would  be  2  X  150  =  300  feet.  If  the  lights  were 
spaced  uniformly  throughout  the  whole  length  of  the  line,  the 
average  distance  would  be  H^  =  75  feet  and  the  average 
length  of  wire  used  in  making  calculations  for  drop  would  be 
150  feet.  By  laying  out  a  plan  of  the  wiring,  the  average 
distance  over  which  the  current  is  transmitted  can  usually 
be  determined  without  much  trouble  and  close  enough  for 
practical  purposes. 


Digitized  by 


Google 


§43  INTERIOR  WIRING  57 

66.     Selection  of  Fittings  for  220-Volt  Wlrlngr.— In 

220-volt  wiring,  great  care  must  be  taken  in  the  selection 
of  fittings.     Cut-outs,  sockets,  and   switches  designed  for 
110- volt  working  and  not  improved  during  recent  years  so  as 
to  comply  with  the  more  severe  requirements  of  the  present 
day  must  not  be  used  on  higher  voltages.     Keyless  sockets 
should  be  used  for  220-volt  work 
and    the    lamps    controlled    by 
switches;  no  rosettes  with  link 
fuses  should  be  installed,  fuses 
being  placed  in  approved  cut-outs, 
one  of  which  should  be  provided 
for  each  ten  lamps  or   less.     If 
proper  precautions  are  taken  to 
procure  good  cut-outs,   sockets, 
and  switches,  there  is  no  especial 
difficulty   to  be   encountered    in 
220-volt  work,  though  the  lamps 
are  not  as  efficient  as  can  be  pro- 
cured for  lower  voltages. 

Fig.  39  (a)  and  (d)  shows  two 
cut-outs  designed  especially  for 
220-volt  work.  The  construction 
is  such  as  to  secure  higher  insula- 
tion and  less  liability  to  arcing 
than  with  the  ordinary  110- volt 
fittings.  Fig.  39  (a)  is  a  three- 
wire  branch  block  shown  without 
the  fuses  in  place.  Fig.  39  (d)  is 
a  three-wire  main  block  with  the 
fuses  /  in  their  proper  position. 
These  fuses  are  of  the  enclosed 

Fig.  39 

type  and  are  held  by  clips ^,^,  (a) . 

Plug  fuses  of  the  cartridge  type,  Fig.  35,  can  be  used  on 
220-volt  circuits  with  the  cut-outs  mounted  open.  Cut-outs 
should  be  provided  with  barriers  or  porcelain  partitions 
between  the  fuses,  Fig.  39,  so  as  to  prevent  arcing  between 
the   terminals    and   accidental    short    circuits   in   case   any 
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conductor  happens  to  fall  across  the  cut-out.  Open  link  fuses 
on  220-volt  circuits  are  only  allowable  when  used  on  enclosed 
slate  or  marble  tablet  boards. 

67.  size  of  Wire  for  Three-Wire  System. — If  it  is 

desired  to  wire  the  shop  that  we  have  been  considering  for 
110-volt  lamps  on  the  Edison  three-wire  system,  the  sizes  of 
the  main  wires  required  will  be  the  same  as  for  the  220-volt 
two-wire  system,  and  a  third,  or  neutral,  wire  must  be 
installed.  This  is  usually  placed  between  the  other  two;  if 
the  wires  are  put  on  cleats,  three-wire  cleats  may  be  used. 
The  neutral  wire  must  not  be  smaller  than  will  be  required 
for  the  safe  carrying  capacity  for  the  current  of  all  the  lamps 
on  one  side  of  the  circuit.  In  this  case,  that  current  is 
25  amperes  and  the  wire  must  not  be  smaller  than  No.  10;  it 
should  be  larger  to  prevent  unbalancing  when  lamps  are 
turned  off. 

68.  Unbalancing    of     Three -Wire    System. — The 

imbalancing  of  a  three-wire  system  with  the  three  wires  of 
equal  size  is  illustrated  in  Fig.  40  (a)  and  {b).  When  the 
system  is  balanced,  as  in  (a),  there  are  3  amperes  in  the 
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outside  wires  and  no  current  in  the  neutral.  Taking  the  pres- 
sure between  A  and  C  or  C  and  ^  as  112  volts,  and  between 
B  and  D  or  D  and  -Fas  110  volts,  there  is  a  drop  of  2  volts 
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in  AB  and  one  of  2  volts  in  EF.  The  resistance  A  B,  CD, 
and  BF  must,  therefore,  be  f  ohm,  in  order  to  give  a  drop 
of  2  volts  with  a  current  of  3  amperes.  If  the  load  becomes 
unbalanced,  as  in  (^),  there  will  be  a  current  of  3  amperes 
in  ABt  as  before,  2  amperes  in  CZ>,  and  1  ampere  in  £F, 
The  drop  in  A  B  will  be  I  X  3  =  2  volts;  in  CD,  1x2 
=  li  volts;  in  £F,  f  x  1  =  f  volt.  The  total  drop  in  the 
two  outside  wires  will  now  be  2  +  f  =  2|  volts,  and  hence 
the  pressure  between  the  outside  wires  at  the  end  of  the  line 
must  be  224  —  2t  =  221 3  volts.  Taking  the  upper  side  of 
the  circuit,  we  have  3  amperes  flowing  out  through  A  B  and 
2  amperes  flowing  back  through  CD;  the  drop  on  this  side 
must,  therefore,  be  2  +  I3  =  83  volts  and  the  pressure 
between  B  and  D  must  be  112  -  3i  =  108|  volts.  The 
pressure  between  B  and  F  is  221i  volts;  hence,  the  pressure 
between  D  and  Fmnst  be  221i  -  108|  =  112f.  The  result 
of  the  uneven  load  is,  therefore,  that  the  voltage  rises  in  the 
lightly  loaded  side  and  falls  on  the  side  having  a  heavy  load. 
If  the  neutral  wire  were  smaller,  this  unbalancing  would 
be  greater. 

The  branch  lines  of  a  three-wire  system  being  simple  two- 
wire  circuits,  they  must  be  calculated  for  the  proper  current 
and  drop  in  the  same  way  as  ordinary  two-wire  circuits. 
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UNIFORM   DROP   IN   FEEDER   LINES 


CAIiCUIiATING  SIZES  OP  WIRE  REQUIRED 

1.  In  installations  where  there  are  many  sets  of  feeders 
running  to  various  departments,  it  is  usual  to  allow  a  certain 
loss  in  the  feeders  and  a  certain  other  loss  in  the  distribu- 
tion wires.  The  drops  in  all  feeders  are  made  equal,  and 
the  dynamo  is  operated  at  a  higher  voltage  than  the  lamps 
will  stand,  with  the  intention  of  losing  a  definite  amount 
before  the  lamps  are  reached.  It  is  important  that  the 
voltage  at  the  lamps  should  never  exceed  that  for  which 
they  are  intended. 

2.  Fig.  1  represents  a  plant,  such  as  a  wagon  works  or 
furniture  factory;  only  the  outlines  of  the  buildings  are 
indicated.  The  dynamo  and  switchboard  are  located  at  Z>  in 
the  engine  room.  The  various  centers  of  distribution  are  to 
be  at  or  near  the  centers  of  the  various  floors,  and  a  separate 
pair  of  feeders  is  to  be  run  to  each  distribution  center. 
Where  elevator  shafts  are  convenient,  they  are  used  to  run 
risers  to  the  upper  floors.  In  the  case  illustrated  there  are 
fourteen  pairs  of  feeder  wires,  each  pair  being  represented 
by  one  line  in  the  figure. 

A  115-volt  dynamo  and  110-volt  lamps  are  to  be  used.  A 
loss  of  2  volts  is  to  be  allowed  in  the  distribution  wires  and 

For  notice  oi  copyright,  see  page  immediately  following  the  title  Page 
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a  loss  of  3  volts  in  the  feeders,  irrespective  of  their  leng^th. 
The  fig:ure  shows  the  plan  of  the  feeders  on  one  floor  only; 
the  small  round  dots  indicate  risers. 
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We  will  calculate  the  feeders  on  one  floor  only. 

Distance  Length  op  Wirb 

Feet  Feet 

130  260  (.26  thousand) 

76 
85 
176 


Lamps 

Ampkrbs 

Shop  A, 

50 

25 

Shop  B, 

40 

20 

Shop  C, 

40 

20 

Shop  D, 

40 

20 

160  (.16  thousand) 
170  (.17  thousand) 
360  (.36  thousand) 
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The  resistance  per  1,000  feet  of  these  feeders  required  to 
give  a  drop  of  3  volts  and  the  nearest  sizes  of  wires  obtain- 
able, are  calculated  as  follows: 

^^^  ^'  og  ^  oa  =  -^^1'  N^-  6  ^^s  .396  ohm  per  1,000  feet 

Shop  B,  ^        =  1.000,  No.  10  has  .999  ohm  per  1,000  feet 

Shop  C  ^        =  .882,  No.  10  has  .999  ohm  per  1,000  feet 

Shop  Z>,  ^        =  .429,  No.  6  has  .395  ohm  per  1,000  feet 

This  method  of  calculating  required  sizes  of  wires  can  be 
applied  to  any  kind  of  wiring  for  any  practical  purpose;  but 
to  avoid  the  necessity  of  figuring  out  each  case,  wiring 
tables  have  been  prepared  by  which  the  proper  size  can 
be  determined  without  calculation. 


CALCULATION   OF  WIRE    SIZES    IN    TERMS   OF  RESISTANCE 
PER    1,000   FEET 

3.  Calculations  based  on  resistance  per  1,000  feet  may 
be  put  in  the  shape  of  a  formula,  as  follows: 

^    _  1,000^  .-|x 

in  which  rm  =  resistance  of  1,000  feet  of  wire  to  be  used; 
e  =  drop,  in  volts; 
D  =  distance,  in  feet; 
/  =  current,  in  amperes. 

For  example,    to   carry   10   amperes   600   feet    (600  X  2 
=  1,200  feet  of  wire)  with  3  volts  drop,  the  resistance  per 

1,000  feet  will  be  r^  =  ^  ^'^^  ^,^  =  .25  ohm  per  1,000 

2  X  600  X  10 

feet.     No.  4  wire  has  about  this  resistance,  as  may  be  seen 

by  consulting  a  wire  table. 

4.  Wiring   Table    Giving    Distances    for    Drop    ol 
1  Volt, — In  Table  I,  distances  in  feet  are  given  in  the  top 
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horizontal  line.  Beneath  these  distances  are  columns  con- 
taining numbers  that  designate  the  proper  size  of  wire  to 
use  to  obtain  a  drop  of  1  volt  when  the  wire  carries  the  cur- 
rent given  in  the  corresponding  line  in  the  left-hand  column. 
If  it  is  desired,  for  example,  to  find  the  size  of  wire  neces- 
sary to  get  a  loss  of  not  more  than  1  volt  with  20  amperes, 
and  a  distance  of  140  feet  (i.  e.,  two  wires,  140  feet  long), 
we  look  under  140  and  to  the  right  of  20  and  find  the  fig- 
ure 2.  No.  2  wire  will  be  required.  If  it  is  desired  to 
find  the  wire  required  for  a  loss  of  2  volts  with  20  amperes 
and  a  distance  of  140  feet,  we  may  divide  the  distance  by 
the  loss  in  volts  and  use  the  table  as  before;  i.  e.,  under 
70  and  to  the  right  of  20  is  found  5.  No.  5  is  the  proper 
wire.  Or,  we  may  use  the  distance  given  and  divide  the 
current  by  the  number  of  volts;  i.  e.,  under  140  and  to  the 
right  of  10  is  found  6.  The  table  is  suflSciently  accu- 
rate for  all  practical  purposes,  but  where  very  great  exact- 
ness is  desired,  it  is  better  to  calculate  the  lines.  For  the 
stnaller  sizes  in  this  table,  the  nearest  even  sizes  of 
wire  above  No.  6  are  given  because  the  odd  sizes  are  not 
ordinarily  used.  

CAIXJULATION   of  wires   in  terms   of  CIRCITLAR' MIL.8 

5.  In  the  Underwriters'  table  of  safe  carrying  capacities, 
the  wires  are  listed  both  by  number  (B.  &  S.  gauge)  and  by 
circular  mils.  Cables  having  no  B.  &  &  gauge  number 
are  listed  by  circular  mils  only.  Large  cables  of  any  desired 
cross-section  in  circular  mils  are  made  by  all  the  leading 
manufacturers  of  insulated  wires. 

It  is  often  more  convenient  to  calculate  the  size  of  wires 
or  cables  in  terms  of  circular  mils  than  in  terms  of  resistance 
per  1,000  feet;  and  calculations  in  terms  of  circular  mils  are 
applicable  to  wires  or  cables  of  any  size  or  shape. 

A  round  wire  1  mil  in  diameter  has  a  cross-section  of 
1  circular  mil.  A  copper  wire  1  mil  (rsW  inch)  in 
diameter  and  1  foot  long  (1  mil-foot)  has  a  resistance  of 
10.8  ohms;  or,  1  mil-foot  of  copper  has  10.8  ohms  resistance 
at  15''  F. 
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A  wire  2  mils  in  diameter  has  a  section  of  4  circtilar  mils 
(sometimes  abbreviated  C.  M.  or  cir.  mils);  3  mils  in  diam- 
eter, 9  circular  mils;  4  mils,  16  circular  mils;  5  mils,  25 
circular  mils;  x  mils,  x*  circular  mils.  The  circular  mils 
cross-section  of  any  round  wire  is  equal  to  the  square  of  its 
diameter  in  mils.  The  circular  mils  of  any  conductor  of 
other  shape  is  equal  to  its  area  in  square  mils  multiplied  by 
1.273  or  divided  by  .7854.  For  instance,  the  circular  mils 
of  No.  0000  wire  (diam.  =  460  mils)  =  460*  =  211.600  cir- 
cular mils,  while  a  bar  of  copper  i  inch  by  i  inch  (250  mils 
by  500  mils)  has  a  section  of  250  X  500  =  125,000  square 
mils,  or  250  X  500  X  1.273  =  159,125  circular  mils. 

6.  If  the  length,  in  feet,  of  a  wire  is  known  and  also  its 
area,  in  circular  mils,  the  resistance  may  at  once  be  deter- 
mined by  the  formula 

R  =  JMA.  (2) 

cur.  mils 

In  this  formula,  L  must  be  the  total  length  of  wire  in  feet. 
Also,  since  the  drop  ^  in  a  circuit  is  equal  to  the  current 
/  X  resistance  /?,  we  have 

drop  .  =  m^-  (3) 

cir.  mils 

or  if  the  drop  is  given  and  we  are  required  to  find  the  size  of 
wire  to  give  this  drop,  we  may  put  formula  3  in  the  form 

circular  mils  =  ]^ALI         (4) 
e 

In  these  formulas,  L  is  the  total  length  of  the  circuit,  i.  e., 
the  distance  to  the  lamps  and  back  again.  If  the  distance  to 
the  lamps,  one  way,  is  called  /?,  we  may  put  formula  4  in  the 
form 

circular  mils  =  ^}A^  (5) 

e 

This  last  formula  will  generally  be  found  as  useful  as 
any  that  can  be  given  for  interior-wiring  calculations.  It 
will  be  well  to  commit  it  to  memory,  because  one  does  not 
always  have  a  wiring  table  at  hand  when  calculations  are  to 


Digitized  by 


Google 


§44  INTERIOR  WIRING  7 

be  made  and,  besides,  calculations  htave  often  to  be  made 
that  are  beyond  the  range  of  the  tables.  It  can  be  applied  to 
any  two-wire  system  or  to  the  three-wire  system,  as  illustrated 
by  the  following  examples: 

ExAMPLB  1. — By  means  of  formula  5,  calculate  the  size  of  wire 
necessary  to  supply  eighty  16-candlepower  lamps  situated  at  a  distance 
of  200  feet  from  the  center  of  distribution.  The  allowable  drop  is  to  be 
3  volts. 

Solution.— We  have  />  =  200  and  e  =  3.  Each  16-c.  p.  lamp  will 
take  about  i  ampere;  hence,  /  =  40. 

.,         21.6  X  200  X  40       --  ,^ 
cir.  mils  = 5 =  57,600 

or  between  No.  2  and  No.  3  B.  &  S.  No.  2  wire  would  likely  be 
used.    Ans. 

Example  2. — Calculate  the  size  of  wire  necessary  to  supply  one 
hundred  lamps  on  a  110-220- volt  three- wire  system.  The  distance 
from  the  center  of  distribution  to  the  lamps  is  250  feet  and  the  drop  on 
each  side  of  the  system  is  not  to  exceed  3  volts.  The  lights  are  sup- 
p6sed  to  be  balanced,  fifty  lamps  on  each  side. 

Solution. — The  simplest  method  of  solving  this  problem  is  to  treat 
it  as  if  it  were  a  two- wire  system  and  use  formula  6.  Each  pair  of 
lamps  will  take  J  ampere;  hence,  the  current  in  the  outside  wires, 
when  all  the  lamps  are  burning,  will  be  ^^  =  25  amperes  instead  of 
"4^  =  50  amperes,  as  it  would  have  been  if  a  two-wire  system  had  been 
used.  The  allowable  drop  on  each  side  of  the  circuit  is  3  volts;  hence, 
the  total  drop  in  the  outside  wires  will  be  6  volts.    We  have,  then, 

.,         21.6  X  250  X  25       ^  -_^ 

cir.  mils  ■» =B  22,500 

o 

A  No.  6  wire  will  be  large  enough  and  also  would  likely  be  installed 
for  the  neutral.    Ans. 

The  same  method  may  be  used  for  a  220-440-volt  three- 
wire  system,  except  that  in  estimating  the  current,  allow 
about  .3  ampere  for  each  pair  of  lamps  instead  of  .6  ampere, 
as  in  the  previous  case. 

7.     Estimation  of  Current  Required  by  I^amps. — As 

mentioned,  it  is  customary  in  estimating  the  current  taken  by 
lamps  to  allow  about  »  ampere  for  each  110- volt  16-candle- 
power lamp,  and  others  according  to  the  values  given.  The 
most  accurate  way,  however,  is  to  figure  the  current  from 
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the  total  watts  supplied  and  the  known  voltagfe.     For  a  two- 
wire  system  the  current  is  as  follows: 

Current  =  number  of  lamps  X  watts  per  lamp  /gj 

voltage  at  lamps 
For  a  balanced  three-wire  system 

Current  =       "mnber  of  lamps  X  watts  per  lamp /yv 

voltage  between  outside  wires  at  lamps 
These  formulas  are  general  and  apply  to  lamps  of  any 
efficiency.  

CA1XTJL.ATION8    FOR    ALTERNATING    CITRRKNT 

8.  For  ordinary  two-  or  three-wire  work  with  alternating 
current,  calculations  may  be  made  in  the  same  way  as  for 
direct  current.  When  wiring  is  done  in  conduit,  the  two 
wires  must  be  run  in  the  same  conduit,  otherwise  inductive 
effects  will  greatly  reduce  the  voltage  at  the  lamps.  With 
ordinary  open  wiring,  the  induced  counter  E.  M.  F.  is  not 
usually  large  enough  to  produce  any  noticeable  effects, 
especially  when  the  load  consists  wholly  of  lamps.  When 
lamps  are  operated  on  two-phase  or  three-phase  alternating- 
current  systems,  the  different  circuits  are  connected  to  dif- 
ferent phases  so  as  to  balance  the  load,  and  as  far  as  interior 
wiring  is  concerned,  the  lighting  circuits  are  single-phase  and 
are  calculated  in  the  same  way  as  ordinary  two-wire  circuits. 


OTHER    FORMS    OF    WIRING    TABL.E8 

9.  Before  leaving  the  subject  of  wire  calculations,  atten- 
tion is  called  to  the  fact  that  there  are  methods  of  arranging 
wiring  tables  other  than  that  givea  in  Table  I,  for  it  is  easy 
to  produce  several  arrangements  of  the  same  matter.  The 
table  that  one  is  most  accustomed  to  use  seems  the  simplest. 
Tables  calculated  for  incandescent  lamps,  instead  of  for 
amperes,  are  useless  for  general  work  and  should  not  be 
used  for  calculating  wiring  for  lamps,  unless  it  is  known 
that  the  efficiency  of  the  lamps  on  which  the  table  is  based 
is  the  same  as  that  of  the  lamps  to  be  used. 

Table  II  is  very  convenient  because  it  gives  the  distance 
exactly  corresponding  to  the  required  drop.    To  use  it,  divide 
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10  INTERIOR  WIRING  *        §44 

the  number  of  amperes  transmitted  by  the  number  of  volts 
drop  desired.  Find  the  nearest  number  to  this  result  in  the  line 
of  amperes;  below  this  find  the  distance,  in  feet,  most  nearly 
corresponding  to  the  given  distance;  to  the  left  of  this,  in  the 
column  of  wire  sizes,  is  given  the  number  of  the  required  wire. 
For  example,  to  find  the  size  of  wire  to  transmit  15  amperes 
140  feet  with  3  volts  loss,  divide  15  by  3  and  find  the  quo- 
tient 5  in  the  line  of  amperes.  In  the  column  below,  we  find 
the  nearest  distance  153,  and  to  the  left  of  this  the  size  of 
wire  required.  No.  8. 

10.  Probably  the  most  convenient  of  all  methods  of 
calculation,  after  one  is  accustomed  to  using  it,  is  the 
graphic  method,  in  which  amperes  and  distances  are  laid  off 
at  right  angles  to  one  another,  and  the  wires  corresponding 
to  different  values  of  these  quantities,  for  a  loss  of  1  volt, 
are  represented  by  curved  lines.  Figs.  2  and  3  are  diagrams 
of  this  kind.  Notice  that  every  wire  curve  is  dotted  for  a 
short  distance  for  currents  larger  than  the  maximum  allowed 
by  the  Underwriters*  rules  for  that  size  of  wire.  In  deter- 
mining the  size  of  wire  from  these  diagrams,  do  not  use  the 
dotted  portions  of  the  curves.  If  a  point  shoUjld  come  near 
one  of  the  dotted  sections,  use  the  next  larger  size  of  wire. 

To  use  such  a  diagram,  find  the  point  where  the  lines 
representing  amperes  and  given  distance  intersect,  and 
take  the  wire  indicated  by  the  wire  line  nearest  this  point. 
Unless  the  wire  line  is  very  close,  take  the  larger  wire  of 
the  two  lines  on  each  side  of  the  intersection  point. 

For  example,  to  find  the  wire  required  for  7  volts  loss  in  a 
distance  of  125  feet,  with  21  amperes,  divide  21  by  7,  which 
gives  3;  the  line  of  3  amperes  intersects  the  line  of  125  feet 
about  midway  between  the  lines  representing  No.  10  and  No.  12 
wire;  hence,  the  larger  size  of  wire.  No.  10,  would  be  used. 

11.  In  calculating  the  sizes  of  wires  for  52-,  104-,  220-, 
or  250-volt  work,  or  for  any  intermediate  voltage,  it  must 
be  borne  in  mind  that  lamps  burning  on  lower  voltages  than 
110  take  more  current,  and  those  burning  on  higher  voltages 
take  less  current.     An  ampere  per  lamp  for  52-volt  lamps, 
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i  ampere  per  lamp  for  104-  or  110- volt  lamps,  and  .3  ampere 
per  lamp  for  220-volt  lamps  is  a  safe  basis  for  calculations 
where  good  lamps  are  used.  Also,  it  must  be  remembered 
that  "per  cent,  drop"  and  *Volts  drop'*  are  very  different 
things,*  as  set  down  in  Table  III. 

The  figures  given  in  the  table  represent  the  actual  drop,  in 
volts,  for  the  line  voltage  at  the  topof  each  column,  with  the  per- 
centages of  drop  given  in  the  left-hand  column.  For  example, 
a  drop  of  5  per  cent,  on  a  voltage  of  150  would  give  7.5  volts. 

TABIiE  in 


lo. 

Line  Voltages 

o2 

52 

104 

no 

150 

220 

250 

I 

.52 

1.04 

I.I 

1.5 

2.2 

2.5 

2 

1.04 

2.08 

2.2 

3.0 

4.4 

5.0 

3 

1.56 

3.12 

3.3 

4.5 

6.6 

7.5 

5 

2.60 

5.20 

5.5 

7.5 

II.O 

12.5 

7 

3.64 

7.28  ' 

7-7 

10.5 

15.4 

17.5 

10 

5.20 

10.40 

II.O 

ISO 

22.0 

25.0 

15 

7.80 

15.60 

16.5 

22.5 

33.0 

37.5 

FUSE    PROTECTION    FOR    CONDUCTORS    IN    PARAI.L.EIi 

12.  It  is  sometimes  desirable  to  run  two  or  more  small 
wires  in  parallel,  instead  of  one  large  wire  or  cable,  for 
convenience  in  handling  the  wires,  to  obtain  a  certain  carry- 
ing capacity  with  the  use  of  less  copper,  to  use  material 
that  happens  to  be  at  hand,  or  for  other  reasons.  When 
two  or  more  wires  are  run  thus  and  are  connected  together 
at  their  ends,  separate  fuses  must  be  placed  in  series  with 
each  wire,  and  not  one  fuse  for  all  the  wires  in  parallel. 

Fig.  4  (a)  and  (d)  illustrates  the  correct  and  the  incorrect 
methods  of- connecting  such  cables.  Multiple  conductors  of 
this  kind  may  sometimes  be  used  to  advantage  in  over- 
hauling or  remodeling  old  work,  where  the  wires  originally 
installed  are  too  small,  and  in  wiring  an  old  building  by  the 
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use  of  molding,  where  large  wires  cannot  be  handled  with- 
out defacing  the  walls. 

For  convenience  in  comparing  the  conductivities  of  wires, 
Table  IV  is  given.  As  an  illustration,  it  is  seen  from  the 
table  that  instead  of  a  single  No.  2  wire  we  might  use  a  No.  4 
and  a  No.  6;  two  No.  5;  four  No.  8;  etc.  Of  course,  nothing 
smaller  than  No.  14  can  be  used  for  interior  wiring. 

The  conductivity  is  directly  proportional  to  the  total 
cross-section  of  dll  the  conductors  in  parallel,  and  the  total 
resistance  is  inversely  proportional  to  the  total  cross-section. 

A/^/O  Wfres  24Am^r^s  ^ac/t  or  Jess 


(TbSra/reAl/rtes 


SOArrwere  /uses  to 
pro/^cfAfvJOVlftrgs 

fa) 


^  CS^mpertt/ase  or 

J5^  ^  /ssstoproUcf 


ro<5wttchPoard 


/^9/o  Wires, 


65Amptrefuse 


w 


Pio.  4 


13.  Circuits  of  several  wires  in  parallel  are  sometimes 
run  where  a  large  drop  in  voltage  is  not  objectionable,  but 
where  a  single  wire  small  enough  to  produce  that  drop  will 
not  carry  the  current  safely.  Two  or  more  small  vinres  will 
safely  carry  more  current  than  one  large  wire  of  equivalent 
cross-section,  because  two  small  wires  have  a  greater  surface 
area  from  which  the  heat  can  escape  than  has  one  wire  of 
twice  the  cross-section.  For  instance,  suppose  that  it  is 
desired  to  run  wires  in  molding  to  secure  a  drop  of  4  volts 
with  65  amperes  over  a  distance  of  100  feet.  Calculating 
the  required  size  of  wire  by  meai^s  of  Table  II,  we  see  that 
No.  5  will  give  the  required  drop.     But  No.  5  rubber-covered 
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16  INTERIOR  WIRING  §44 

wire  will  safely  carry  only  54  amperes,  while  65  amperes 
is  to  be  transmitted.  By  using  two  No.  8  wires,  which  are 
equivalent  in  cross-section  to  one  No.  5,  we  can  safely  carry 
the  current  with  the  specified  drop.  If  the  current  were 
still  greater,  we  could  use  one  No.  8  and  two  No.  10  wires 
with  about  the  same  results.  However,  such  arrangements  to 
secure  a  drop  are  only  used  in  emergencies  or  under  special 
conditions,  and  are  usually  only  temporary  expedients. 

14.  Calculation  of  Wires  in  Parallel. — If  a  number 
of  wires  are  to  be  used  in  parallel  to  do  the  work  of  a  single 
large  wire,  i.  e.,  to  carry  a  certain  current  a  given  distance 
with  a  specified  drop,  the  combined  cross-section  of  the 
smaller  wires  must  equal  the  cross-section  that  the  large 
wire  would  have.  Suppose,  for  example,  that  a  wireman  at 
a  distance  from  a  supply  house  has  on  hand  a  large  amoimt 
of  No.  12  wire,  but  no  larger  wire,  and  that  he  desires  to 
carry  a  current  of  40  amperes,  150  feet  (one  way)  with 
3  volts  loss.  How  many  No.  12  wires  should  be  connected 
in  parallel  to  secure  the  result?  Using  formula  5,  /  =  40, 
D  =  150,  and  ^  =  3;  hence,  circular  mils  =  21.6x150x40 

=  43,200. 

The  cross-section  of  No.  J2  wire  is  6,530  circular  mils, 

approximately;  hence,  to  make  up  a  cross-section  of  43,200  cir- 

43  200 
cular  mils,    , '    .,    =  6.6  No.  12  wires  in  parallel  would  be 

DjOoO 

required.  In  this  case,  therefore,  it  would  be  necessary  to  use 
seven  No.  12  wires,  as  this  is  the  whole  number  nearest  to  6.6. 

Take  another  example.  In  an  old  building,  wired  with 
too  much  drop,  it  is  desired  to  reenforce  the  mains  so  as  to 
reduce  the  drop  to  2  volts.  A  circuit  of  No.  8  wire  carrying 
20  amperes  a  distance  of  150  feet  is  to  be  reenforced.  What 
size  of  wire  should  be  used? 

The  cross-section  necessary  to  carry  20  amperes,  150  feet 
with  a  drop  of  2  volts  is,  from  formula  5, 

circular  mils  =  21-6x150x20  ^  ^^^^ 
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No.  8  wire  has  a  cross-section  of  16,510  circular  mils; 
hence,  the  cross-section  to  be  added  is  32,400  — 16,510 
=  15,890.  Another  No.  8  wire  (16,510  circular  mils)  con- 
nected in  parallel  with  the  No.  8  wire  already  installed,  will 
give  slightly  more  than  the  required  cross-section  and  would 
therefore  be  used.  

EXAMPLES    rOR    PRACTICE 

1.  Determine,  by  means  of  formula  5,  the  size  of  ^ire  required  to 
carry  30  amperes  a  distance  of  150  feet  (one  way)  with  a  drop  of 
3  volts.  Ans.  No.  5  B.  &  S. 

2.  If  a  circuit  200  feet  long  (single  distance)  carries  25  amperes  and  is 
of  No.  6  B.  &  S.  wire,  what  will  be  the  drop  in  volts?     Ans.  4.1  volts 

3.  If  a  circuit  of  No.  10  B.  &  S.  wire  carries  20  amperes  a  distance  of 
200  feet  (single  distance)  what  size  of  wire  must  be  connected  in  parallel 
with  the  existing  wire  to  limit  the  drop  to  2  volts?    Ans.  No.  5  B.  &  S. 

4.  A  current  of  40  amperes  is  to  be  carried  300  feet  (single 
distance)  with  a  drop  of  3  volts.  Assuming  that  No.  10  B.  &  S.  is  the 
only  size  of  wire  available,  how  many  wires  must  be  connected  in 
pandlel  to  carry  the  current  with  the  specified  drop?      Ans.  8  wires 


WIRING  IN  DAMP  PliACES 

15.  Where  wiring  is  done  in  damp  places,  special  pre- 
cautions must  be  taken  and  special  rules  observed.  The 
following  Underwriters'  rules  apply  to  this  work: 

Wires — 

In  damp  places^  or  buildings  especially  liable  to  mois* 
iure,  or  acidy  or  other  fumes  liable  to  injure  the  wires 
or  their  insulation: 

a.  Must  have  an  approved  insulating  covering. 

For  protection  against  water,  rubber  insulation  must  be 
used.  For  protection  against  corrosive  vapors,  either 
weather-proof  or  rubber  Insulation   must   be  used. 

b.  Must  be  rigidly  supported  on  non-combustible, 
non-absorptive  insulators  that  separate  the  wire  at 
least  1  inch  from  the  surface  wired  over,  and  wires 
must  be  kept  apart  at  least  2i  inches  for  voltages  up 
to  300  and  4  inches  for  higher  voltages. 

Rigid  supporting  requires  under  ordinary  conditions, 
where  wiring  over  flat  surfaces,  supports  at  least  every 
4i  feet.    If  the  wires  are  liable  to  be  disturbed,  the  distance 
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between  supports  should  be  shortened.  In  buildings  of  mill 
construction,  mains  of  No.  8  B.  &  S.  gauge  wire  or  over, 
where  not  liable  to  be  disturbed,  may  be  separated  about 
6  inches,  and  run  from  timber  to  timber,  not  breaking 
around,  and  may  be  supported  at  each  timber  only. 

Sockets — 

a.  In  rooms  where  inflammable  g^ases  may  exist, 
the  incandescent  lamp  and  socket  must  be  enclosed 
in  a  vapor- tight  globe  and  supported  on  a  pipe 
hanger,  wired  with  approved  rubber-covered  wire 
soldered  directly  to  the  circuit. 

h.  In  damp  or  wet  places  or  over  specially 
inflammable  stuff,  waterproof  sockets  must  be  used. 

Waterproof  sockets  should  be  hung  by  separate  stranded^ 
rubber-covered  wires,  not  smaller  than  No.  14  B.  &  S. 
gauge,  which  should  preferably  be  twisted  together  when 
the  pendant  is  over  3  feet  long.  These  wires  should  be 
soldered  direct  to  the  circuit  wires,  but  supported  inde- 
pendently of  them. 

Fig.  5  shows  a  waterproof  globe  for  use  where  inflam- 
mable gases  may  exist.  In  wiring 
damp  cellars,  it  is  especially  desirable 
to  have  the  lamps  divided  among  sev- 
eral small  circuits,  so  that  the  blowing 
of  a  fuse  will  not  put  out  many  lamps. 
In  such  work,  rosettes  should  never 
be  used,  but  the  drop  wires  should  be 
soldered  to,  but  not  supported  by,  the 
line  wires,  and  the  joints  should  be 
thoroughly  wrapped  with  insulating 
tape.  The  cut-outs  should  be  placed 
outside  the  cellars,  in  a  dry  place,  if 
possible,  otherwise  they  should  be 
placed  in  waterproof  boxes.  It  should 
be  noted  that,  in  damp  places,  par- 
ticular attention  must  be  paid  to  the 
character  of  the  insulation.  There 
must  be  a  clear  air  space  around 
the  wires  so  that  there  will  be  no 
^^'^  chance    for   moisture   to    accumulate 

and   cause   short  circuits. 
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CONCEALED  WIRING 

16.  Concealed  -wiring  is  usually  installed  according 
to  one  or  more  of  the  following  methods:  concealed  knob  and 
tube,  conduit,  and  molding.  Concealed  knob-and-tube  work 
has  been  used  in  the  past  more  than  either  of  the  other 
methods;  it  is  the  cheapest  of  the  three  and  is  quite  safe  if 
properly  installed.  The  local  rules  governing  wiring  in 
some  of  the  larger  cities  have  recently  prohibited  this 
class  of  work,  but  it  is  allowed  by  the  Underwriters'  rules. 
Conduit  work  is  expensive  and  the  knob-and-tube  plan 
affords  a  means  of  concealing  wires  at  comparatively  small 
cost  and,  while  it  is  unquestionably  not  as  safe  or  as  perma- 
nent as  the  conduit  method,  there  is  no  reason  why  it 
should  not  be  safe  and  satisfactory  if  the  work  is  done  as 
it  should  be.  It  is  much  used  for  dwelling  houses  or  simi- 
lar places  where  the  cost  must  be  kept  down.  Conduit 
wiring  involves  the  installation  of  a  complete  piping  system 
in  addition  to  the  wiring  system  so  that  the  cost  becomes 
very  great.  It  represents  the  best  method  of  wiring  and 
is  now  used  on  all  important  work  where  the  highest  degree 
of  safety  and  permanence  is  required.  It  is  the  only  class  of 
wiring  to  be  considered  for  fireproof  office  buildings,  hotels, 
or  similar  structures.  The  use  of  molding  work  is  confined 
almost  entirely  to  old  buildings  where  the  wires  cannot  be 
concealed  and  where  it  is  necessary  to  run  them  in  wood- 
work to  match  the  woodwork  in  the  rooms.  Very  often 
concealed  knob-and-tube  work  can  be  combined  with  conduit 
work  to  advantage,  flexible  conduits  being  very  useful  where 
wires  must  be  fished  for  short  distances  or  where  they  have 
to  be  run  in  places  where  there  is  not  room  enough  for 
supporting  them  on  porcelain  insulators.  The  concealed 
knob-and-tube  method  does  not  afford  the  wiring  mechanical 
protection,  and  consequently  is  not  suited  to  places  where 
the  conductors  are  liable  to  be  disturbed  or  come  in  contact 
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with  other  objects.  However,  in  non-fireproof  buildings 
where  the  wires  can  be  run  between  the  joists  there  is  little 
danger  of  their  being  disturbed,  and  wires  well  supported  on 
knobs  have  amply  high  insulation.  The  class  of  work  to  be 
used  in  any  given  case  will  depend  on  the  character  of  the 
building  to  be  wired,  the  allowable  cost,  and  on  the  local 
regulations,  if  any,  governing  the  wiring  of  buildings. 


conceaijED  knob-anb-tube  work 

17.     The  most  common  way  of  concealing  wires  in  non- 
fireproof  buildings  is  to  run  them  through  the  joists  between 

the  floors  and  ceilings 
and  through  studding 
partitions,  and  to  in- 
sulate them  by  means 
of  porcelain  knobs  and 
tubes,   as    shown    in 
Fig.    6.      The    holes 
should  not  be  closer  to- 
gether than  is  allowed 
by  the    Underwriters' 
rules,    and    the    tubes 
should  fit  tightly  in  the 
holes.     When  the  holes 
are  not  horizontal,  but 
are  bored  from  above 
or  below  obliquely,   ^he  tubes  should  be  put  in  with  their 
heads  on  the  high  side,  so  that  they  cannot  fall  or  slide  outj 
and  when  tubes  are  placed  so 
that  there  is  any  strain  on  them, 
their  heads  must  be  so  placed 
that  the  tubes    cannot   slip. 
Holes  should  be  bored  of  such 
a   size   that   the  tubes  can  be 
inserted  by  driving  lightly.    Do 

not  make  the  holes  too  small  or  

there  will  be  danger  of  breaking  ^o- '' 

the  tubes.     Holes  must  be  bored  sufficiently  far  away  from 
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the  floors  and  ceilings  to  be  out  of  reach  of  nails  that  may 
be  driven  into  the  joists  after  the  work  is  concealed.  Bush' 
ings  must  be  long  enough  to  reach  all  the  way  through  the 
joists,  with  i-inch  projection. 

18.    Where  wires  come  through  the  plaster  to  outlets  or 
cut-outs,  they  must  be  protected  by  flexible  insulating  tubes 


Pig   d 


that  will  preclude  all  possibility  of  contact  between  the  wires 
and  other  objects.  Careless  work  is  often  done  at  outlets, 
with  the  result  that  a  job  that  is  otherwise  well  put  up  will 
show  poor  insulation.     The  same  outlets  are  very  often  used 
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both  for  gas  and  electricity,  and  if  the  wires  are  not  well 
protected  where  brought  out,  a  ground  on  the  gas-pipe 
may  result. 

Fig.  7  shows  the  method  of  bringing  out  a  ceiling  outlet 
with  knob-and-tube  work.  The  flexible  conduit  used  to  pro- 
tect the  wires  projects  as  far  as,  or  slightly  beyond,  the  end 
of  the  pipe  and  runs  back  as  far  as  the  porcelain  support 
next  to  the  outlet.  Fig.  8  (a)  and  {d)  shows  two  methods 
of  bringing  out.  side-wall  outlets,  (a)  being  a  combination 
gas  and  electric  outlet  and  (d)  a  plain  electric  outlet.  The 
latter  shows  a  board  nailed  across  between  the  studs  to  sup- 
port the  fixtiu-e.  In  both  cases  the  flexible  conduit  extends 
back  to  the  insulators,  as  required  by  rule  (</). 

19.  For  running  wires  parallel  to  joists,  knobs  are 
generally  used  because  they  make  it  possible  to  keep  the 
wires  well  separated.  The  following  rules  apply  to  this 
kind  of  work: 

Wires — 

For  concealed  knob-and-tube  work: 

a.  Must  have  an  approved  rubber  insulating 
covering. 

b.  Must  be  rigidly  supported  on  non-combus- 
tible, non-absorptive  insulators  that  separate  the 
wire  at  least  1  inch  from  the  surface  wired  over, 
and  must  be  kept  at  least  5  inches  apart,  and, 
when  possible,  should  be  run  singly  on  separate 
timbers  or  studding.  Must  be  separated  from  con- 
tact with  the  walls,  floor  timbers,  and  partitions 
through  which  they  may  pass  by  non-combustible, 
non-absorptive  insulating  tubes,  such  as  glass  or 
porcelain. 

Rigid  supporting  requires  under  ordinary  conditions, 
where  wiring  along  flat  surfaces,  supports  at  least  every 
4i  feet.  If  the  wires  are  liable  to  be  disturbed,  the  distance 
between  supports  should  be  shortened. 

c.  When,  in  a  concealed  knob-and-tube  system,* 
it  is  impracticable  to  place  any  circuit  on  non- 
combustible  supports  of  glass  or  porcelain,  approved 
metal  conduit,  or  approved  armored  cable  must  be 
used   except    that   if    the   difference   of    potential 
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between  the  wires  is  not  over  300  volts,  and  if  the 
wires  are  not  exposed  to  moisture,  they  may  be 
fished  on  the  loop  system  if  separately  incased 
throughout  in  continuous  lengths  of  approved 
flexible  tubing. 

In  general,  when  conduit  of  any  kind  is  used  in  connection 
with  concealed  knob-and-tube  work,  it  must  be  installed  in 
accordance  with  the  rules  governing  the  use  of  conduit  as 
given  later.  In  most  interior  wiring  for  lighting  work,  the 
pressure  between  any  pair  of  wires  will  not  exceed  300  volts, 
so  that  in  cases  where  it  is  necessary  to  pass  wires  through 
spaces  where  porcelain  supports  cannot  be  used  on  account 
of  lack  of  space  or  because  they  must  be  run  through  some 
place  that  is  inaccessible,  it  is  allowable  to  fish  the  wires 
through  provided  they  are  separately  incased  in  flexible 
tubing.  The  loop  system  referred  to  in  rule  {c)  is  explained 
in  connection  with  conduit  wiring.     It  should  be  particularly 


Pig.  9 

noted  that  wires  must  not  be  run  through  flexible  tubing 
in  cases  where  dampness  is  present.  The  armored  cable 
referred  to  in  rule  (c)  would  seldom  be  required  in  connec- 
tion with  knob-and-tube  work  in  a  new  building  where  every- 
thing is  accessible;  but  in  an  old  building  where  there  are 
objections  to  tearing  up  floors  to  insert  wires,  it  may  often 
be  used  to  advantage,  particularly  if  the  wires  are  liable  to 
be  exposed  to  mechanical  injury.  * 

Fig.  9  shows  an  armored  twin  cable;  the  wire  is  rubber- 
covered  and  over  the  heavy  insulation  is  wound  a  steel  strip 
that  interlocks  so  as  to  form  a  continuous  protection.  It  is 
possible  to  use  armored  cable  for  the  complete  wiring  of  a 
building,  in  which  case  outlet  boxes,  etc.  are  provided  as  in 
conduit  wiring,  described  later.  The  conduit  system  is,  how- 
ever, preferable  because  the  wires  can  be  withdrawn.  Where 
armored  cable  is  used  in  damp  places  it  must  have  a  lead 
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sheath  between  the  insulation  and  the  armor.  Protected 
flexible  cord,  of  the  same  style,  is  a  very  convenient  article 
to  use  in  wiring  offices,  banks,  etc.,  where  small  conductors 
must  be  carried  behind  desks  or  fastened  to  iron  or  cabinet 
work,  and  in  many  other  places  where  ordinary  cords  will 
not  do  and  will  not  be  permitted. 

The  following  rule  governs  the  arrangement  of  the  wire  at 
outlets  when  it  is  run  on  the  concealed  knob-and-tube  plan: 

d.  Must  at  all  outlets,  except  where  conduit  is 
used,  be  protected  by  approved  flexible  insulating 
tubing,  extending  in  continuous  lengths  from  the 
last  porcelain  support  to  at  least  1  inch  beyond  the 
outlet.  In  case  of  combination  fixtures,  the  tubes 
must  extend  at  least  flush  with  the  outer  end  of  the 
gas  cap. 

It  should  be  particularly  noted  that  in  concealed  knob-and- 
tube  work,  or  in  fact  in  any  kind  of  concealed  wiring,  the 
wire  must  be  rubber-covered.  Weather-proof  or  fireproof 
and  weather-proof  wires  are  prohibited  for  concealed  work. 
The  calculations  for  concealed  wiring  are  the  same  as  for 
open  work;  but  it  must  be  remembered  that  rubber-covered 
wires  are  not  allowed  to  carry  as  much  current  as  weather- 
proof wires,  as  shown  by  the  Underwriters*  table  of  carry- 
ing capacities. 

20.  Use  of  Cabinets  and  Panel  Boards. — For  con- 
cealed work,  the  closet,  or  cabinet,  system  of  distribution 
is  now  universally  used.  In  it  the  mains  are  run  to  cabinets 
ox  panel  boards  set  in  the  wall,  and  the  lines  running  to  the 
lamps  are  distributed  from  these.  Many  styles  of  these 
panel  boards  are  manufactured,  and  the  kind  used  will 
depend  largely  on  the  size  and  allowable  cost  of  the  instal- 
lation. For  the  cheaper  class  of  work,  the  cut-outs  may  be 
grouped  together  and  placed  in  a  cabinet  formed  in  the  wall. 
This  cabinet  should  be  neatly  lined  with  i-inch  asbestos 
secured  in  place  by  tacks  and  shellaced.  Where  the  wires 
pass  into  and  out  of  the  sides  or  bottom,  they  should  be 
bushed  with  porcelain  tubes.  A  neat  glass  or  asbestos-lined 
door  should  be  provided.     A  cabinet  made  in  this  way  is 
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inex];>ensive  and  safe,  thoas:h  slate-  or  marble-lined  cabinets 
are  much  better  and  their  use  is  strongly  recommended. 
Slate-  or  marble-lined  cabinets  should  always  be  provided 
with  a  job  of  conduit  wiring. 

Fig.  10  will  give  an  idea  as  to  the  essential  parts  of  a 
panel  board.  In  this  case,  the  wires  are  run  in  conduits. 
The  box  is  mounted  in  the  wall  and  consists  of  two  com- 
partments, the  inner  compartment  containing  the  panel 
board,  and  the  outer  one,  or  gutter,  as  it  is  sometimes  called. 
All  boxes  are  not  provided  with  this  gutter,  but  the  best 
ones  are,  as  it  gives  a 
convenient  space  in 
which  to  arrange  the 
wires  in  case  they 
should  not  come  to  the 
box  in  the  best  order 
for  connecting  up.  The 
box  is  made  of  slate 
or  marble  slabs.  The 
trim  around  the  door 
covers  the  gutter;  it 
should  be  put  up  with 
screws  so  that  it  may  be 
removed  if  necessary. 

The  mains  usually 
pass  through  the  panels 
vertically  and  are  con- 
nected to  bars  from  which  the  various  lamp  circuits  branch 
out  sidewise.  Fuses  are  inserted  in  each  side  of  each 
circuit,  and  switches  are  also  provided  in  some  cases, 
though  sometimes  the  panel  board  carries  fuses  only  in 
case  the  switches  ard  located  near  the  lamps  rather  than  at 
the  center  of  distribution  represented  by  the  fuse  cabinet. 

Fig.  11  shows  a  panel  board  equipped  with  double-pole 
knife  switches  a  and  enclosed  fuses  b.  Eighteen  branch 
circuits  are  accommodated  and  the  three-wire  vertical  mains 
are  attached  to  the  copper  bars  Cy  Cy  c;  the  mains  enter  at  the 
bottom,  being  conducted  to  the  board  through  the  large 
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conduit  d  that  projects  a  short  distance  into  the  gutter,  or 
distribution  compartment.  The  casing  and  door  are  removed 
in  order  to  show  the  method  of  bringing  the  wires  around  to 
the  various  switches.  The  outgoing  circuits  are  carried 
through  the  conduits  e  that  enter  at  the  top,  each  conduit 
containing  a  twin  wire.  The  panel  board  constitutes  the 
back  of  the  cabinet  and  the  sides  and  ends  are  of  i-inch 
slate.     The   main   fuses  are  of  the  enclosed  type  and  are 


Fio.12 

shown  at  /.  The  lining^  of  the  gutter  is  of  iV-inch  enameled 
iron  or  i-inch  slate  or  marble.  With  knob-and-tube  work  the 
gutter  may  be  lined  with  i-inch  asbestos  firmly  tacked  in 
place,  though  it  is  always  better  to  use  slate  or  marble  lining. 

21.  Instead  of  building  a  box  of  slate  or  marble  pieces, 
iron  or  steel  boxes  lined  with  slate  or  marble  are  much 
used.     Fig.  12  shows  a  cabinet  of  this  kind  ready  to  be  set 
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into  the  wall  and  connected  up.  It  is  made  of  a  sheet-steel 
box  a,  whose  sides  and  top  are  lined  inside  with  i-inch  slate 
slabs  b.  The  panel  board  c  constitutes  the  back  of  the  box. 
In  the  figure  the  openings  d  for  the  branch  circuits  are 
arranged  to  take  conduits.  The  two-wire  vertical  mains 
are  connected  to  terminals  g^g  and,  through  the  main  fuses, 
to  the  bars  /,  /.  Each  branch  circuit  is  provided  with  fuse 
terminals  and  a  knife  switch  h. 


(a) 


(b  

Pig.  18 

Fig.  13  (a)  shows  a  style  of  panel  board  that  uses  a  special 
kind  of  fuse  holder  which  serves  the  purpose  of  a  switch  when 
it  is  desired  to  disconnect  any  circuit.  Panel  boards  using 
combination  fuse  holders  have  been  adopted  quite  largely, 
for  they  have  one  advantage  in  that  the  holder  may  be 
entirely  removed  from  the  board  when  the  fuse  is  being 
replaced,  or  a  reserve  holder  may  be  put  in  instead  of  the  one 
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removed.  Figf.  13  (d)  shows  one  of  these  holders.  It  is 
held  in  place  by  the  clips  d,d\  shown  in  (a),  that  receive 
the  blades  a,  a'.  Link  fuses  are  here  used;  they  are  allow- 
able because  the  fuse  holder  is  used  in  a  fireproof  cabinet 
and  not  in  an  open  cut-out.  Fig.  14  shows  a  plain  two-wire 
board  for  four  branch  circuits;  it  is  equipped  with  Edison  fuse 
plugs  and  has  no  switches.  The  foregoing  will  give  a  general 
idea  as  to  the  construction  of  these  boards.  They  are  made  in 
all  sorts  of  combinations  and,  in  fact,  are  usually  made  to  order 
for  any  given  job.    In  large  wiring  systems,  the  design  of  the 
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cut-out  closets,  or  cabinets,  is  a  matter  of  great  importance,  and 
the  location  of  these  closets  is  equally  important;  they  should 
be  placed  in  a  position  where  they  can  be  readily  reached. 

Cabinets  must  be  provided  with  a  substantial  door;  if  glass 
is  used  it  must  not  be  less  than  A  inch  thick  nor  more  than 
1  foot  wide.  At  least  2  inches  clear  space  must  be  allowed 
between  the  fuses  and  the  glass.  The  door  must  close  against 
.  a  rabbet,  so  as  to  be  dust-tight,  and  bushings  through  which 
the  wire  enters  must  fit  the  box  tightly.  Wires  should  com- 
pletely fill  the  holes  in  the  bushings;  if  necessary,  the  wire 
should  be  built  up  with  tape  so  as  to  keep  out  dust. 


WIRING  A  DWEIiliING  HOUSE 

22.  In  laying  out  the  wiring  for  a  dwelling  house,  the 
first  thing  to  do  is  to  locate  the  cut-out  cabinets.  In 
many  dwelling  houses,  only  one  cabinet  may  be  neces- 
sary, but  in  houses  designed  to  be  occupied  by  more  than 
one  tenant,  a  cut-out  cabinet  should   be  installed  for  each 
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tenant.  In  large  houses,  it  is  often  convenient  to  have  a 
cut-out  cabinet  on  each  floor,  with  vertical  mains  running 
through  them  from  the  top  to  the  bottom  of  the  house.  If 
only  one  distributing  point  is  used,  it  should  be  either  in  the 
cellar  or  attic  and  risers  should  run  to  the  different  floors. 
If  it  is  known  that  the  wires  are  to  enter  the  building  in  the 
cellar,  the  distributing  center  should  be  located  there;  if  the 
wires  enter  in  the  attic,  the  distributing  point  should  be 
located  there.  This  assumes  that  vertical  risers  are  run  from 
the  distributing  center  to  feed  the  various  floors.  In  case  a 
single  pair  of  vertical  mains  is  used  with  the  circuits  branch- 
ing off  on  each  floor,  the  mains  may  be  run  from  the  top  to 
the  bottom  of  the  house  and  the  current  supplied  from 
either   end. 

No  matter  what  arrangement  is  adopted  for  distributing 
the  current,  the  distributing  centers,  or  cut-out  cabinets, 
should  be  in  or  near  a  partition  that  is  located  so  as  to  make 
the  running  of  risers  easy.  They  should  also  be  as  near  the 
center  of  the  building  as  possible  and  on  an  inside  wall,  so 
as  to  guard  against  dampness. 

23.  Figs.  15  and  16  show  two  floors  of  a  typical  dwell- 
ing. The  distributing  points  are  located  in  the  hallway  near 
the  center  of  the  house,  because  such  location  is  central  and 
easy  to  get  at.  The  various  branch  circuits  on  the  plans  are 
indicated  by  single  lines,  although  each  line  represents  two 
wires.  The  wiring  is  supposed  to  be  done  on  the  ordinary 
concealed  knob-and-tube  system  and  no  circuit  carries  more 
than  ten  lights.  Switches  are  placed  on  the  side  walls,  as 
shown  at  s.  The  switch  for  controlling  the  hall  lights  should 
be  placed  at  some  convenient  point  near  the  door,  so  that  the 
lights  may  be  turned  on  when  entering  the  building.  It  is 
sometimes  convenient  to  have  another  switch  at  the  head  of 
the  stairs  for  controlling  the  hall  light,  so  that  the  light  may 
be  turned  on  or  off  from  either  above  or  below.  This 
requires  the  use  of  three-point  switches,  the  necessary  con- 
nections for  which  will  be  explained  later.  In  the  plans, 
double-pole   switches    are    indicated;    single-pole    switches* 
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which  are  cheaper  to  install,  may,  however,  be  used  when 
not  over  660  watts  are  controlled. 

24.  liayin^  Out  Circuits. —  In  laying  out  the  various 
branch  circuits,  the  first  thing  to  do  is  to  locate  the  lights  on 
the  plan  and  then  group  these  lights  for  the  different  cir- 
cuits, so  that  there  will  not  be  more  than  ten  or  twelve  lights 
on  each  one.  After  this  is  done  the  lines  may  be  marked; 
in  doing  this,  due  regard  should  be  given  to  the  direction  in 
which  the  joists  run,  so  that  the  wire  may  be  put  in  with  as 
little  boring  and  cutting  as  possible.  Run  parallel  to  the 
beams  wherever  it  can  be  done,  even  if  it  does  take  a  little 
more  wire.  The  best  time  to  wire  the  building  is  after  the 
floorbeams  and  studding  are  in  place,  but  before  any  lathing 
or  plastering  has  been  done.  In  Fig.  15,  four  circuits  are 
provided,  all  terminating  in  the  cut-out  cabinet  in  the  hall, 
where  they  are  attached  to  the  vertical  mains.  For  the 
second  floor,  Fig.  16,  three  circuits  are  sufficient.  No.  14 
wire  is  used  for  all  these  circuits.  It  will  be  found  that 
No.  14  wire  (the  smallest  that  the  Underwriters  allow)  is 
large  enough  for  any  of  the  branch  circuits  met  with  in 
ordinary  house-wiring  work.  The  number  of  lights  per  cir- 
cuit is  small  and  the  distances  short,  so  that  No.  14  will 
carry  the  current  with  but  a  small  drop  in  voltage. 

25.  The  Mains. — If  vertical  mains  are  used,  the  cur- 
rent that  they  will  carry  will  be  less  at  one  end  than  at  the 
other,  because  current  is  taken  off  at  the  different  floors.  It 
is  usually  advisable,  however,  to  make  the  mains  the  same 
size  all  through  an  ordinary  house,  because  it  costs  but 
little  more  and  enables  the  current  to  be  supplied  from 
either  end.  In  large  buildings,  where  it  would  not  pay  to 
do  this,  it  is  customary  to  install  a  number  of  risers  feeding 
different  sections  of  the  building  and  running  to  a  common 
distributing  point,  usually  located  in  the  basement.  The 
mains  must,  of  course,  be  designed  to  carry  the  current  in 
accordance  with  the  Underwriters'  requirements  or  to  limit 
the  drop  to  the  allowable  amount  if  the  wire  required  by  the 
Underwriters  will  give  too  much  drop.      Suppose  that  the 
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house  under  consideration  has  a  total  of  60  lamps.  The 
current  in  the  mains  will  then  be  30  amperes,  and  at  least 
a  No.  8  wire  will  be  required  to  satisfy  the  Underwriters' 
requirements. 

By  referring  to  Table  II,  it  is  found  that  No.  8  wire  will 
carry  30  amperes  a  distance  of  25.5  feet  with  a  drop  of 
1  volt.  For  a  building  of  this  kind,  the  drop  from  the  point 
where  the  current  enters  the  building  to  the  lamps  should 
not  exceed  2  to  2.5  volts.  The  drop  in  the  branch  circuits 
is  very  small,  but  it  would  be  advisable  to  put  in  No.  6 
mains,  as  the  difference  in  first  cost  will  be  but  little.  It  is 
the  usual  practice  to  make  the  mains  of  liberal  cross-section. 
For  a  house  of  this  size  No.  4  would  often  be  used,  although 
it  does  not  need  to  be  as  large  as  this  so  tax  as  drop  is 
concerned. 

26.  Main  S-witcli,  Cut-Out,  and  Meter.^»-At  a  con- 
venient point  near  the  place  where  the  wires  enter  the  build- 
ing, a  main  cut-out  and  switch  must  be  placed,  as  required 
by  the  Underwriters.  The  cut-out  should  be  placed  nearest 
the  point  of  entry,  the  switch  next  to  it,  and  the  meter  last. 
Never  permit  the  meter  to  be  installed  between  the  switch 
and  the  cut-out,  as  in  that  case  it  may  register  a  small 
amount  each  day,  even  if  the  switch  is  open.  If  a  knife- 
blade  switch  is  used  at  the  entrance  to  the  building,  it  should 
be  placed  so  that  when  opened  it  will  not  tend  to  fall  closed 
of  its  own  accord.  It  is  also  advisable  to  place  it  in  an 
asbestos-lined  box  provided  with  a  lined  door. 

Ihe  best  arrangement  of  the  wires  for  the  meter  will 
depend  to  some  extent  on  the  type  of  meter  used.  In  a 
great  many  cases,  however,  the  wires  enter  the  left-hand 
side  of  the  meter  and  pass  out  at  the  right.  Fig.  17  repre- 
sents a  typical  arrangement  of  main  fuses,  switch,  and  meter. 

Most  recording  electric  meters  consist  of  a  small  electric 
motor,  the  revolving  part  of  which  turns  on  jeweled  bear* 
ings  and  is  connected  to  a  train  of  gears  and  dials.  The 
motor  is  governed  by  means  of  retarding  devices,  so  that  it 
runs  at  a  speed  accurately  proportional  to  the  load.     Some 
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meters  read  in  ampere-hours,  but  most  of  those  now  installed 
read  in  watt-hours  and  are  provided  with  two  coils,  one 
of  w^iich  is  connected  in  series  with  the  circuit,  like  an 
ammeter,  and  the  other  across  the  circuit,  like  a  voltmeter. 
The  current  in  the  first  is,  therefore,  equal  to  the  current 
supplied,  and  the  current  in  the  second  is  proportional  to  the 
voltage.  The  force  tending  to  drive  the  motor  is,  therefore, 
proportional  to  the  product  of  the  amperes  and  volts,  i.  e., 
to  the  watts.  The  small  third  wire  running  into  the  meter. 
Fig.  17,  is  to  supply  current  to  the  potential  coil.  With 
ampere-hour  meters,  a  series  coil  only  is  used,  and  the  speed 
of  the  meter  is  proportional  id  the  current  and  not  to 
the   watts. 

The  voltage  of  a  lighting  system  is,  however,  practically 
constant,  so*  that  the-  watt-hours  may  be  obtained  by  multi- 
plying the  ampere-hours   by  the  voltage  without  serious 
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error.  Reliable  meters  are  made  for  all  voltages  and  sys- 
tems and  for  alternating  or  direct  currents.  They  are 
accurate  to  within  98  per  cent,  on  ordinary  loads,  but  are 
liable  to  be  out  as  much  as  5  per  cent,  on  small  loads,  and 
most  meters  will  take  a  very  small  load  without  turning  at  all. 
However,  they  are  seldom  operated  under  such  conditions. 

27.  In  new  buildings,  it  is  often  not  known  what  system 
of  electric  lighting  will  be  used  when  the  wiring  is  finished. 
Owners  also  desire  quite  frequently  to  be  able  to  avail  them- 
selves of  any  advantage  in  price  that  may  be  brought  about 
by  competition  between  different  systems.  It  is  therefore 
desirable  that  each  new  house  shall  be  wired  in  such  a 
manner  that  light  may  be  secured  from  any  system  in  use; 
that  is,  from  110-  or  220- volt  two-  or  three-wire  systems. 
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The  following:  typical  specifications  cover  all  the  main 
points  necessary  for  such  a  piece  of  work  in  an  ordinary 
dwelling  house. 

Other  details,  such  as  the  location  of  additional  switches, 
the  use  of  particular  kinds  of  cut-outs,  etc.,  may  be  added  to 
these  specifications  if  desired.  The  specifications  cover  only 
the  concealed  work. 


Specifications  for  Concealed  Electrio-Light  Wirii^ 

For  no-  or  220- Volt  Systems 


DistdbatioD 
Cabinet 


Circuiti 


PnMi 


Wlrei 


A  distribution  cabinet  is  to  be  located  on 
some  inside  wall;  in  a  readily  accessible  place, 
on  the  second  floor  or  the  attic,  as  near  the 
center  of  the  building  as  possible. 

The  cabinet  must  be  lined  with  slate  i  inch 
thick  and  fitted  with  a  door  covered  on  the 
inside  with  slate  i  inch  thick. 

From  this  cabinet  separate  circuits  must  be 
run  to  the  outlets  in  such  a  manner  that  not 
more  than  ten  16-candlepower*  incandescent 
lamps  shall  be  placed  on  any  circuit.  Wher- 
ever the  number  of  lamps  is  not  marked  on 
the  plans  or  otherwise  specified  as  greater  than 
here  required,  pendants  shall  be  considered  as 
intended  to  carry  four  lamps  each  and  brackets 
one  lamp  each. 

All  fuses  must  be  located  on  a  panel  board 
placed  in  the  distribution  cabinet.  The  panel 
boards  must  be  of  slate  at  least  i  inch  thick 
and  be  provided  with  terminals  designed  for 
enclosed  fuses.  Both  sides  of  all  lines  must 
be  fused  and  the  fuses  must  be  of  a  type  suit- 
able for  use  on  220  volts  and  capable  of  inter- 
rupting the  arc  due  to  a  220-volt  short  circuit. 

All  circuits  running  from  the  distribution 
center  must  be  of  No.  14  B.  &  S.,  or  larger, 
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Mains 


Extra  Wire 
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rubber-covered  copper  wire  of  a  make  accepted 
by  the  National  Board  of  Fire  Underwriters. 
►  From  the  distribution  cabinet  to  the  attic, 
and  also  to  the  basement,  a  pair  of  mains  must 
be  run,  the  size  of  which  will  depend  on  the 
total  number  of  lights  in  the  house,  as  follows: 


17  lamps,  or  less 
18  to  24  lamps,  or  less 
25  to  33  lamps,  or  less 
34  to  46  lamps,  or  less 
47  to  65  lamps,  or  less 


No.  14  or  larger 
No.  12  or  larger 
No.  10  or  larger 
No.  8  or  larger 
No.    6  or  larger 


If  the  house  contains  more  than  sixty-five 
lamps,  it  is  advisable  to  have  more  than  one 
distribution  center  and  pair  of  mains. 

A  third  wire,  two  sizes  smaller  than  these 
mains,  must  also  be  run  from  the  attic  to  the 
basement,  through  the  distribution  cabinet,  to 
make  possible  the  use  of  the  three- wire  system. 

Wires  running  parallel  to  joists  must  be 
fastened  on  porcelain  knobs,  placed  on  different 
timbers,  and  kept  as  far  apart  as  possible.  In 
passing  through  joists,  floors,  and  other  wood- 
work, the  holes  must  be  bushed  with  porcelain 
tubes,  which  must  extend  at  least  »  inch  through 
the  wood  and  be  so  arranged  that  their  weight 
will  tend  to  keep  them  in  place  rather  than  to 
cause  them  to  slip  out. 

All  wires  must  be  kept  at  least  5  inches 
away  from  one  another,  from  gas  or  water  pipes, 
iron  beams,  bell  or  annunciator  wires,  speaking 
tubes,  furnace  pipes,  and  other  conducting 
materials,  except  at  the  distribution  cabinet  and 
fixture  outlets.  Where  wires  cannot  be  kept 
this  far  apart  they  must  be  run  in  conduits. 

Flexible  insulating  conduits  must  be  used  at 
outlets.  Special  care  must  be  taken  to  insulate 
from  the  gas  pipe  at  outlets. 
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Brick  and  stone  walls  must  be  avoided  wher- 
ever possible.  Wherever  wires  pass  alon^f  them, 
they  must  be  incased  in  approved  conduits. 

There  must  be  supplied  and  installed  by  the 
contractor  a  main-line  cut-out  and  a  quick-break 
switch,  both  double-pole,  to  be  located  in  the 
attic  at  the  end  of  the  feeder  lines.  These 
devices  must  be  approved  by  the  Underwriters 
as  capable  of  breaking  the  current  for  the 
total  number  of  lamps  wired,  at  either  110  or 
220  volts.  Knife  switches,  if  used,  must  be 
so  connected  that  they  open  downwards  and 
the  blades  must  be  "dead**  when  the  switch  is 
open,  and  must  be  mounted  in  an  asbestos 
or  slate-lined  box  provided  with  a  similarly 
lined  door. 

The  contractor  must  notify  the  Underwriters' 
Association  of  the  progress  of  his  work  in  time 
to  have  a  thorough  inspection  made  (2  days 
before  work  is  concealed  at  least).  He  must 
secure  a  certificate  from  that  Association  stating 
that  the  work  is  suitable  for  use  on  110-  or 
220-volt  service,  two-  or  three-wire  systems, 
before  any  payments  shall  be  made  to  him. 


SWITCHES 

28.  Switches  located  at  various  points  on  the  walls  of 
rooms  are  a  great  convenience  and  should  be  installed  on 
all  first-class  jobs  of  any  magnitude.  The  single-pole  snap 
switch  (for  not  more  than  660  watts)  is  the  simplest  and 
cheapest.  It  opens  one  side  of  the  circuit  only.  Next  in 
frequency  of  its  use  is  the  double-pole  snap  switch  for  larger 
chandeliers  or  groups  of  lights.  In  addition  to  these,  there 
are  a  number  of  special  uses  of  switches  to  allow  lamps  to 
be  controlled  from  two  or  more  points. 

29.  Control  of  Ijamps  From  Two  Points. — Fig.  18 

(a)  and  {d)  shows  a  switching  arrangement  for  controlling 
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the  light  or  group  of  lights  L  from  two  points  A  and  B, 
This  scheme  is  used  principally  in  halls  where  it  is  desired 
to  control  the  light  from  either  up  or  down  stairs.  It 
requires  two  three-point  switches  5,  Sy  which  are  here 
shown  as  simple  lever  switches.  There  are  a  number  of 
different  makes  of  switches  for  this  purpose,  but  the  prin- 
ciple of  all  is  the  same,  though  the  mechanical  details  may 
differ.  By  comparing  the  diagrams  with  whatever  make  of 
switch  he  may  have  to  install,  the  wireman  should  have  no 


Pio.18 

diflSculty  in  getting  the  connections  correct.  By  examining 
the  connections,  it  is  seen  that  the  lamps  L  may  be  lighted 
or  extinguished  from  either  point.  Either  method  of  con- 
nection (a)  or  (b)  may  be  used,  and  the  one  that  will  be 
most  convenient  in  any  given  case  will  depend  to  some 
extent  on  the  general  layout  of  the  wiring. 

A  modification  of  this  arrangement  is  shown  in  Fig.  19  (a) 
and  (b).     In  this  case,  one  of  the  three-way  switches  is 
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replaced  by  a   three-way   socket.     By  using  a  three-way 
socket  on  the  fixture  in  connection  with  a  three-way  switch 

on  the  side  wall,  a 
lamp  may  be  turned 
on  or  off  either  at  the 
socket  or  at  the  switch. 
Both  schemes  of  con- 
nection (a)  and  {b) 
accomplish  the  same 
result,  and  the  one  that 
is  most  convenient  in 
any  case  will  depend 
considerably  on  the  lo- 
cation of  the  supply 
mains. 


L?^ 


(a) 

Mcfftt 
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30.  Control  of 
liisrlits  From  Three 
or  More  Points. — To 

control    lights    from 
three  stations,  as  indi- 
cated  in   Fig.  20,  it  is   necessary  to  use   two   three-point 
switches  A^  C  for  the  end  stations  and  a  four-point  switch  B 
for  the  middle  station.     When  B  is  in  the  position  shown, 
tim 
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points  1  and  2  and  points  S  and  4  are  connected  together. 
When  the  switch  is  turned,  these  connections  are  broken  and 
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points  1  and  3,  2  and  4  are  connected.  By  tracing  out  the 
path  of  the  current,  the  student  will  see  that  the  lights  may 
be  turned  on  and  off  from  any  station  independently  of  the 
position  of  the  switches  at  the  other  stations.  By  cutting  in 
a  four-point  switch  for  each  additional  station  this  scheme 
can  be  extended  to  any  number  of  stations  desired,  and  is 
often  used  for  stairways  in  apartment  houses. 

31.  Electrolier  Switclies. — These  switches  usually 
have  three  or  four  points  and  are  used  in  connection  with 
electroliers  to  enable  a  part  or  the  whole  of  the  lights  to  be 
operated  as  desired;  sometimes  they  are  mounted  in  the 
electrolier  itself.  They  are  made  in  a  variety  of  forms  and 
the  connections  necessary  are,  as  a  rule,  easily  understood 
by  an  examination  of  the  switch  that  it  is  proposed  to  use. 

32.  Snap  Switclies. — Fig.  21  shows  a  typical  single- 
pole  snap  switch;  the  same  type  of  switch  is  made  double- 
pole;  also,  three-point  and  four-point  for  the  control  of  lamps 
from  two  or  more  stations.  The  wires  come  through  the 
porcelain  base  of  the  switch  and  are  held  in  posts  a  d,  which 


(a}  (b) 

Pio.  21 

also  carry  the  switch  contacts.  When  the  switch  is  closed,  the 
rotary  cross-piece  c  makes  connection  between  posts  a  b,  thus 
closing  the  circuit.  A  double-pole  switch  has  two  pieces  c 
and  four  contact  posts.  It  is  desirable  to  have  snap  switches 
provided  with  an  indicating  dial,  as  shown  in  Fig.  21  (a), 


Digitized  by 


Google 


42  INTERIOR  WIRING  §44 

unless  the  position  of  the  switch  handle  shows  clearly 
whether  the  switch  is  ** on*'  or  **off."  Indicators  are  specially 
useful  when  a  number  of  switches  are  mounted  together. 
Snap  switches  are  comparatively  inexpensive  but  they  pro- 
ject from  the  wall  and  do  not  make  as  neat  a  job  as  flush 
switches,  which  set  into  boxes  placed  in  the  wall.  With 
conduit  wiring,  flush  switches  are  nearly  always  used  and, 
even  with  concealed  knob-and-tube  wiring  they  are  used  on 
jobs  where  a  neat  appearance  is  desired. 


Pro.  22 

Fig.  22  (a)  shows  the  general  appearance  of  a  flush 
switch  of  the  push-button  type.  The  mechanism  {d)  is 
double  pole  and  when  the  light  button  is  pushed  in,  cross- 
piece  cc  swings  around  and  makes  contact  between  clips  a 
and  d.  In  order  to  prevent  arcing  at  the  contacts,  all 
switches  are  constructed  so  that  they  will  open  or  close  with 
a  quick  positive  motion. 

When  switches  are  mounted  flush,  an  iron  box  must  be 
provided  in  which  to  place  them.  This  box  may  be  either 
of  cast  iron  or  stamped  steel  and  must  completely  enclose 
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the  switch,  thus  providing  a  protection  in  addition  to  the 
usual  porcelain  base  that  carries  the  switch  mechanism. 

Fig.  23  shows  a  stamped-steel  switch  box.     The  cover, 
which  carries  the  switch,  is  attached  to  the  box  by  means 
of  screws  passing  through  slotted  holes. 
This  allows  the  switch  to  be  placed  square  i 
even  though   the    box    may    have    been 
mounted    slightly   crooked    or    displaced 
slightly    diuring    the    installation    of    the 
wires.     Steel  boxes  can  be  obtained  with 
any   combination   of   inlet  holes   so   that 
they  can  be  suited   to   wires   coming   in 
from  any  direction.     In  many  cases  the 
boxes  are  made  so  that  pieces  of  metal  Pio.28 

can  be  knocked  out,  thus  making  holes  wherever  desired. 
There  should  be  no  holes  in  the  boxes  other  than  those 
used  for  bringing  in  the  conduits. 


FIXTURES 

33.  The  selection  of  suitable  fixtures  and  the  proper 
wiring  of  them  are  important  matters.  The  wireman  should 
not  be  satisfied  to  put  up  any  fixtures  that  may  be  furnished. 
He  should  examine  them  and  test  them  himself.  The  fol- 
lowing rules  should  be  observed: 

Fixtures — 

a.  Must,  when  supported  from  the  gas  piping  or 
any  grounded  metal  work  of  a  building,  be  insu- 
lated from  such  piping  or  metal  work  by  means 
of  approved  insulating  joints  placed  as  closely  as 
possible  to  the  ceiling. 

Gas  outlet  pipes  must  be  protected  above  the  insulating 
joint  by  approved  insulating  tubing,  and  where  outlet  tubes 
are  used  they  must  be  of  sufficient  length  to  extend  below 
the  insulating  joint,  and  must  be  so  secured  that  they  will 
not  be  pushed  back  when  the  canopy  is  put  in  place. 

Where  canopies  are  placed  against  plaster  walls  or  ceilings 
in  fireproof  buildings,  or  against  metal  walls  or  ceilings  or 

glaster  walls  or  ceilings  on  metallic  lathing  in  any  class  of 
uildings,  they  must  be  thoroughly  and  permanently  insu- 
lated from  such  walls  or  ceilings. 
46B— 28 
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b.  Must  have  all  burrs,  or  fins,  removed  before 
the  conductors  are  drawn  into  the  fixture. 

c.  Must  be  tested  for  contacts  between  conduct- 
ors and  fixture,  for  short  circuits,  and  for  ground 
connections  before  it  is  connected  to  its  supply 
conductors. 

34,  Rule  {c)  is  important.  In  wiring  up  fixtures,  it  is 
an  easy  matter  for  the  fixture  wire  to  become  grounded  on 
the  shell  and  all  fixtures  should  be  thoroughly  tested  with  a 
magneto  before  they  are  connected  to  the  circuit.  It  is  much 
easier  to  locate  the  faults  before  the  fixtures  are  put  up  than 
it  is  after.  In  connecting  fixtures  to  the  line  wires,  all  joints 
should  be  soldered  and  thoroughly  taped  so  that  there  will 
be  no  danger  of  grounding  or  short-circuiting  when  the 
canopy  is  pushed  up  in  place.  Particular  attention  should  be 
given  to  the  connecting  of  the  lamp  sockets;  this  is  a  part  of 
the  fixture  wiring  that  is  often  slighted  and  causes  many 
short  circuits  and  grounds.  Great  care  should  be  taken  to 
see  that  the  sockets  are  good,  and  also  that  they  are  strong 
enough  to  bear  the  weight  of  shades.  Faulty  sockets  are 
more  likely  to  cause  trouble  on  fixtures  than  on  drop  cords, 
for  the  socket  itself  is  always  grounded  on  the  fixture,  and  if 
either  wire  becomes  grounded  on  the  socket  shell,  it  is  in 
consequence  grounded  on  the  fixture. 


INSULATING    JOINTS 

35.  The  Insulating?  Joint  is  the  most  important  elec- 
trical fitting  used  in  fixture  work;  joints  are  made  for  all  pos- 
sible combinations.     Fig.  24  shows  a  very  good  style;  piece  a 

screws  on  to  the  gas 
pipe  and  b  to  the  fix- 
ture. The  parts  are 
separated  by  insu- 
lating material  e,  and 
the  outside  of  the 
P'<*-24  joint  is  covered  with 

molded  insulation  d.     The  gas  pipe  above  the  joint  must 
be  covered  by  an  insulating  tube,  as  required  by  rule  (a). 
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Art.  33,  and  after  the  outlet  wires  have  been  soldered  to  the 
fixture  wires  the  joints  should  be  carefully  taped  and  the  wire 
bunched  in  below  the  insulating  joint  so  as  not  to  interfere 
with  the  canopy.  In  connecting  insulating  joints  to  the  gas 
pipe,  red  lead  or  white  lead  should  not  be  used;  asphaltum  or 
some  similar  insulating  compound  is  preferable.  Insulating 
joints  should  be  tested  before  being  used 
and  canopy  insulators  should  be  installed 
as  required  by  rule  (a).  In  ordinary 
dwelling  houses,  where  the  ceilings  are 
plastered  on  wood  lath,  or  in  other  non- 
fireproof  buildings  where  there  is  no  metal 
work  about  the  ceilings  or  walls,  it  is  not 
necessary  to  use  canopy  insulators.     The  Pig.25 

canopy  is  the  brass  cup-shaped  piece  used  at  the  top  of  fix- 
tures to  cover  the  joint.  It  is  in  contact  with  the  fixture; 
hence,  it  is  important  that  it  be  insulated  from  metal  ceil- 
ings, or  else  all  the  benefits  derived  from  an  insulating  joint 
will  be  lost.  Fig.  25  shows  a  canopy  insulator,  which  is  simply 
an  insulating  ring  placed  between  the  canopy  and  the  ceiling. 

36.  The  E.  M.  F.  between  the  wires  used  on  electric 
fixtures  must  never  exceed  300  volts  and  the  wires  must  not 
be  smaller  than  No.  18  B.  &  S.  gauge.  If  wires  are  secured 
to  the  outside  of  fixtures,  as  is  sometimes  the  case  when  old 
gas  fixtures  are  fitted  with  electric  light,  they  must  be 
fastened  so  that  there  will  be  no  danger  of  the  insulation 
being  damaged  by  the  pressure  of  the  fastenings  or  by  the 
motion  of  the  fixture.  The  wire  used  for  fixtures  must  be 
rubber-covered,  and  may  be  solid  or  stranded.  Special  wire 
is  made  for  this  purpose. 

Fixtures  should  be  firmly  fastened  in  place.  Combination 
fixtures  are  supported  by  the  gas  pipe  but  plain  electric 
fixtures  are  generally  fastened  by  screwing  them  into  a  wall 
or  ceiling  plate,  or  crowfoot.  This  method  is  satisfactory  if 
a  solid  wood  backing  is  provided  and  the  fixture  is  not  very 
heavy.  In  the  case  of  heavy  electroliers,  the  pipe  should 
extend  through  the  ceiling  and  be  firmly  fastened  to  the 
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joists  or  other  secure  support.  In  case  outlet  boxes  are 
used,  as  with  conduit  work,  the  gas  pipe  extends  through  the 
box  and  carries  the  fixture  if  a  combination  fixture  is  used. 
For  plain  electric  fixtures,  the  outlet  boxes  are  provided 

Ihsuiattnq  h/nf 


(a) 


Pio.  26 


with  a  threaded  projection,  which  holds  the  fixture,  the  out- 
let box  serving  as  a  base  or  crowfoot.  Fig.  26  {a)  shows 
the  arrangement  of  a  plain  electric  fixture  and  a  combination 

fixture  connected  to  outlets 
wired  on  the  concealed  knob- 
and-tube  plan.  The  flexible 
tubing  projects  through  the  ceil- 
ing, as  shown,  and  is  connected 
to  the  fixture  wires.  In  the 
combination  fixture  (^),  the  fix- 
ture wires  are  run  between  the 
outer  shell  a  and  the  gas  pipe  b. 
When  old  fixtures  are  to  be 
wired,  they  must  be  taken  down 
and  supplied  with  insulating  joints.  Sockets  may  be  attached 
to  old  gas  fixtures  by  means  of  spars  Fig.  27,  that  fasten  to 
the  fixtures  at  the  gas  burners. 


Pio.  27 
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liOCATION  AND  DISTKIBUTION  OF  IjAMPS 

37.  The  character  of  the  lamps  to  be  used  and  their 
location  is  a  matter  that  must  be  determined  in  each  case  by 
the  purpose  for  which  the  lamps  are  installed.  For  signs  and 
decorative  work,  they  are  used  solely  to  attract  attention  or 
to  produce  ornamentation.  In  interior  lighting,  their  purpose 
is  to  illuminate  other  objects  either  close  at  hand,  as  with 
desk  lamps,  or  at  a  somewhat  greater  distance.  Where 
illumination  is  the  sole  requirement,  the  lamps  should  be 
placed  where  they  cannot  be  seen,  but  where  they  will  throw 
their  light  on  the  object  to  be  illuminated,  as  on  the  stage 
of  a  theater.  In  general  work,  however,  it  is  not  possible 
to  place  the  lamps  in  this  manner,  but  they  should  be  placed 
where  they  will  not  be  too  conspicuous.  When  they  must 
be  in  view,  the  lamps  should  be  surrounded  by  shades  that 
will  diffuse  the  light  and  take  away  the  glare.  Frosted 
globes  are  of  assistance  in  many  places,  but  it  is  better  to 
have  the  light  diffused  by  a  shade.  Shadows  should  be 
avoided  as  much  as  possible. 

38.  Chandeliers  are  usually  relied  on  for  general  illumi- 
nation. They  should  be  hung  high  to  get  the  best  effects, 
and  should  never  be  as  low  as  the  level  of  the  eye  of  a 
person  standing.  Borders  or  rows  of  lights  placed  on  the 
ceiling  near  the  walls  give  very  good  illumination  without 
hurting  the  eyes.  To  get  the  best  illumination  with  the 
smallest  number  of  lamps,  the  walls  and  ceilings  should  be 
finished  in  light  colors  or  in  white  and  should  be  kept  clean. 
It  is  cheaper  to  retint  ceilings  than  to  bum  many  lamps; 
this  is  especially  true  of  stores,  where  much  illumination  is  a 
necessity.  Walls  papered  in  dark  colors  and  woodwork  of 
dark,  rich  wood  make  it  almost  impossible  to  light  a 
room   brilliantly. 

On  account  of  the  great  influence  of  the  color  of  walls, 
height  of  ceilings,  etc.  it  is  impossible  to  give  other  than 
very  approximate  figures  for  the  amount  of  light  required 
for  illuminating  a  given  room.     For  rooms  requiring  ordinary 
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illumination  and  having:  ceilingfs  about  10  feet  hig:h»  about 
.25  to  .29  candlepower  per  squate  foot  should  be  sufficient. 
For  rooms  with  high  ceilings  .45  to  .5  candlepower  per  square 
foot  should  be  allowed,  and  for  very  brilliant  lighting  in  ball- 
rooms or  similar  places,  the  allowance  may  be  as  high  as 
1  candlepower  per  square  foot.  Of  course,  these  figures 
are  for  cases  where  the  whole  room  is  to  be  generally  illu- 
minated; when  the  light  is  used  locally,  as  at  desks  or  read- 
ing tables,  it  may  not  be  necessary  to  have  the  room  generally 
illuminated  and  the  allowance  per  square  foot  might  be  much 
less  than  that  indicated  by  the  above  figures. 


CONDUIT  WIRING 


EABIiT  CONDUIT  SYSTEMS 

39.  A  number  of  years  ago,  before  there  were  uniform 
rules  governing  the  installation  of  wires  to  make  them  safe, 
it  was  a  common  practice  to  use,  for  electric  lighting,  wires 
wound  with  cotton  thread  saturated  with  paraffin.  These 
wires  were  fastened  with  wooden  cleats  nailed  against  the 
walls  and  ceilings.  Signal  and  bell  wires  are  still  some- 
times put  up  in  this  way.  The  first  step  in  the  direction  of 
improvement  was  limiting  the  number  of  incandescent  lamps 
allowed  on  a  given  size  of  wire.  The  next  was  the  substi- 
tution of  ** weather-proof**  or  ''Underwriters* "  wire  for  the 
paraffin-covered  **office  wire."  Later  came  the  porcelain 
cleat,  which  was  not  in  general  use  before  1892. 

The  manner  of  installing  wire  in  concealed  work  has 
undergone  a  similar  evolution.  At  first  wires  were  pulled 
through  holes  in  the  joists  and  installed  without  any  pro- 
tection other  than  their  insulating  covering;  sometimes  even 
two  wires  were  pulled  through  the  same  hole,  but  this  was 
not  long  tolerated.  Progress  came  along  two  distinctly  dif- 
ferent lines:  one  that  of  insulating  the  wire  by  the  use  of  knobs 
and  tubes,  as  previously  described;  the  other  that  of  providing 
a  continuous  raceway^  or  conduit,  for  the  conductors* 
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One  of  the  first  conduit  systems  and  one  that  came  into 
very  extensive  use,  though  it  is  not  now  allowed  by  the 
Underwriters,  was  that  of  the  Interior  Conduit  and  Insula- 
ting Company.  It  was  made  of  paper  wound  in  an  ingenious 
manner,  so  as  to  form  a  tube,  and  coated  with  tar  inside 
and  out.  These  tubes  were  installed  as  a  continuous  race- 
way from  outlet  to  outlet,  and  one  or  two  wires,  as  happened 
to  be  most  convenient,  were  pulled  into  each  conduit. 

These  paper  tubes  were  very  brittle,  and  the  system  was 
improved  by  covering  them  with  a  thin  shell  of  sheet  brass. 
Then  came  the  requirement  that  the  conduit  should  never 
contain  more  than  one  wire.  At  one  time,  **brass-covered 
interior  conduit  work**  was  considered  the  best  possible  kind 
of  construction. 

An  excellent  tube  that  may  be  used  in  some  places,  though 
not  approved  as  a  conduit  proper,  is  the  flexible  Circular- 
Lioom  tube.  This  is  a  woven  tube  treated  with  insulating 
material  that  makes  it  hold  its  shape.  It  has  no  metal 
covering,  but  is  stronger  than  the  brass-covered  interior 
conduit  and  more  convenient  to  use.  It  will  be  permitted 
under  the  present  rules  only  in  special  cases,  as  it  is  not 
waterproof  or  nail-proof.  It  is  very  useful  for  fished  work  in 
connection  with  knob-and-tube  wiring  and  also  for  protecting 
wires  at  outlets.  This  tube  must  not  be  used  in  places 
exposed  to  moisture.         

APPROVED  CONDUIT  SYSTEMS 

40.  The  conduits  now  approved  by  the  Underwriters  are 
iron  pipes  with  or  without  insulating  lining,  and  flexible 
armored  conduit  made  of  interlocked  steel  tape.  They  are 
divided  into  two  classes — lined  and  unlined.  When  unlined 
conduits  are  used,  an  additional  braided  covering  must  be 
placed  on  the  wire,  the  idea  being  that  the  extra  braiding 
on  the  wire  takes  the  place  of  the  lining  in  the  pipe. 

Formerly,  most  conduits  were  lined,  but  it  is  now  customary 
to  use  unlined  conduit  with  wire  having  extra  heavy  braiding. 
Twin  wire  is  generally  used,  the  two  wires  being  covered 
with  a  common  outer  braiding. 
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Fig.  28  shows  a  piece  of  iron-armored,  lined  conduit;  a  is 
the  armor  about  i  inch  thick,  which  is  the  same  as  ordinary 
gas  pipe;  b  is  the  insulating  lining,  not  less  than  iV  inch 
thick  and  adhering  to  the  outer  pipe.  Conduit,  whether 
lined  or  unlined,  is  put  up  in  the  same  manner  as  a  good  job 
f^^  of  gas-fitting.  In  fact,  unlined  conduit  is  practically 
the  same  as  gas  pipe  except  that  the  interior  surface 
is  galvanized,  enameled,  or  otherwise  treated  to  make 
it  smooth  and  to  keep  it  from  rusting.  Great  care 
should  be  taken  at  the  joints. to  see  that  the  pipe 
is  reamed  and  that  the  ends  come  together,  so  as  to 
form  a  smooth  runway  (free  from  burrs)  for  the 
wire.  In  many  places  the  conduit  may  be  bent  and 
the  use  of  an  elbow,  with  its  threaded  joints,  avoided. 
There  are  several  devices  on  the  market  for  bending 
conduit,  but  about  as  good  a  way  as  any  to  bend 

X^  conduit  is  to  get  a  good  stout  piece  of  spruce  or  hard 
Jl  pine  and  bore  a  hole  in  it  a  little  larger  than  the 
Pio.28  conduit.  The  pipe  is  then  passed  through  the  hole 
and  the  bend  easily  worked  in.  Another  improvised  form 
of  bender  is  made  by  securing  a  short  piece  of  li-inch 
pipe  into  a  li-inch  T  and  clamping  the  piece  of  pipe  in  a  vise. 
The  conduit  can  then  be  passed  through  the  T  and  bent  to 
any  desired  shape.  For  iron-conduit  wiring,  the  wireman 
should  be  provided  with  a  regular  outfit  of  pipe-fitter's  tools. 

41,  Most  conduit  wiring  is  now  carried  out  on  the  single- 
tube  system,  i.  e.,  both  wires  or  a  twin  wire  are  run  in  the 
same  conduit.  This  plan  requires  less  conduit  and  labor 
than  the  double-tube  system  and  is,  in  fact,  the  only  allowable 
arrangement  when  alternating  currents  are  used.  In  the 
case  of  a  large  church,  supposedly  wired  for  52  volts,  2  per 
cent,  loss,  the  contractor  ran  the  wires  in  separate  pipes, 
with  the  result  that  when  the  current  was  turned  on  only 
13  volts  were  obtained  at  the  lamps.  It  is  cheaper,  as  well 
as  better,  to  use  twin  or  concentric  conductors  in  a  single 
conduit,  except  for  very  large  cables  that  are  to  carry  direct 
currents. 
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42.  Use  of  Outlet  and  Junction  Boxes. — Since  in  any 
conduit  system  the  primary  object  is  to  halve  the  wires 
arranged  so  that  they  can  be  withdrawn,  it  is  necessary, 
whenever  a  branch  is  taken  off,  to  provide  a  junction  box 
of  some  kind,  because  splices  cannot  be  made  at  intervening 
points  without  interfering  with  the  withdrawal  of  the  wires. 
Conduit  wiring   is,  therefore,  done  on  the  so-called  loop 
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system.  This  will  be  understood  by  referring  to  Fig.  29 
(a)  and  (d);  L,  L,  L,  etc.  are  lamps  on  one  circuit  that  is  to 
be  supplied  from  a  panel  board  or  distributing  center  located 
at  A.  In  (a),  the  wiring  is  indicated  as  it  might  be  done 
with  the  ordinary  knob-and-tube  system,  using  branches 
whenever  they  will  reduce  the  labor  and  the  amount  of  wire 
necessary;  (b)  shows  the  same  lamps  wired  on  the  loop 
system,  using  outlet  boxes  b  and  looping  out  the  twin  wire 
at  each  lamp.    No  branches  are  taken  off  between  outlet 
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boxes,  and  by  disconnecting  the  wires  running  to  the  lamps, 
the  main  wires  can  be  withdrawn. 

The  loop  system  using  iron  conduits  is,  of  course,  very 
much  more  expensive  than  the  knob-and-tube  system.  It 
is,  however,  much  more  permanent  in  character  and  is  the 
only  style  now  used  in  the  best  class  of  buildings.  The 
best  method  of  running  the  conduit,  so  as  to  save  bends  and 
ma&e  the  conduit  as  short  as  possible,  must  be  left  to  the 
judgment  of  the  wireman.  In  laying  out  such  wiring,  he 
must  remember  that  the  two  wires  are  run  together  and 
that  he  cannot  make  short  cuts  with  single  wires,  as  in 
knob-and-tube  work. 

43.  Conduits  less  than  i  inch  inside  diameter  are  not 
allowable,  and  an  outlet  box  must  be  provided  at  each  outlet. 
When  branch  lines  are  taken  oif,  a  junction  box  must  be 
provided.  Junction  boxes  and  outlet  boxes  are  manufactured 
in  a  large  variety  of  forms  to  accommodate  conduits  coming 
into  them  from  different  directions.  Fig.  30  (a)  shows  a 
round    cast-iron  junction    box.      These   boxes   should    be 
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mounted  firmly  in  the  wall  and  be  placed  so  that  the  surface 
will  come  flush  with  the  plastering.  The  split  nuts  a,  a  hold 
the  conduit  in  place. 

Fig.  30  id)  shows  an  outlet  plate*  The  conduit  is 
clamped  in  openings  a  and  the  gas  pipe  is  clamped  in  d. 
Outlet  plates  must  not  be  used  unless  it  is  impossible  to 
install  a  regular  outlet  box.  Outlet  boxes  used  with  lined 
conduit  must  also  be  lined  and  all  boxes,  whether  lined  or 
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unlined,  must  be  enameled,  galvanized,  or  otherwise  treated 
inside  and  outside  so  as  to  prevent  rust.  Very  convenient 
junction  and  outlet  boxes  are  now  made  of  stamped  steel  and 
are  arranged  so  that  one  or  more  openings  may  be  made  in 
the  side  by  taking  out  a  small  disk.  Fig.  31  shows  a  box  of 
this  kind.  The  conduit  enters  the  box  and,  projecting 
through  it  about  i  inch,  is  held  in  place  by  an  insulating 
cap  a  that  screws  over  the  end 
on  the  inner  side.  A  check-nut  d 
screws  up  against  the  outside  of 
the  box.  Fig.  32  shows  these 
fittings  more  in  detail.  Boxes  of 
this  type  may  be  suited  to  different 
locations  by  simply  knocking  out 
cr  removing  the  disks  whenever 
openings  are  needed.  This  avoids 
the  necessity  of  carrying  a  large  number  of  different  boxes 
in  stock.  Outlet  boxes  may  be  obtained  that  are  pro- 
vided with  special  covers  to  accommodate  almost  any  make 
of  flush  switch. 

When  a  change  in  the  size  of  wire  is  made  in  a  junction 
box,  it  is  necessary  to  protect  the  smaller  wire  by  a  cut-out. 
Special  cut-outs  are  made  for  mounting  in  junction  boxes. 
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but  in  most  cases  the  wiring  is  laid  out  so  that  all  fuses  will 
be  grouped  on  panel  boards  arranged  in  cut-out  cabinets, 
each  branch  circuit  running  directly  from  the  panel  board  to 
the  lamps. 

44.     Fig.  33  shows  one  method  of  arranging  a  ceiling 
outlet   for   a   combination   fixture  in   a   fireproof   building 
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wired  with  iron-armored  conduit.  The  floors  are  made  of 
hollow  tile  placed  between  I  beams.  On  top  of  the  I  beams 
wooden  stringers  are  laid  and  the  rough  flooring  is  laid 
diagonally  on  these  stringers.  The  finished  floor  is  laid 
on  top  of  the  rough  flooring.  The  gas  pipes  and  electric 
conduit  are  laid  in  the  space  between  the  under  side  of  the 
rough  flooring  and  the  top  of  the  hollow  tile.  After  the 
pipes  and  conduit  have  been  laid,  this  space  is  filled  with 
concrete.  The  conduit  elbows  and  the  gas  pipe  are  brought 
down  through  the  tile  to  the  steel  outlet  box  a.  The  ends 
of  the  conduit  are  provided  with  insulating  nipples  b^  h^  and 
the  gas  pipe  r,  where  it  passes  through  the  box,  is  provided 


Pio.  33 

with  an  insulating  sleeve  d.  The  wiring  is  on  the  loop 
system,  the  twin  loop  ^  being  brought  down  from  the  conduit 
and  the  wires  in  it  attached  to  the  fixture  wires  as  shown. 
The  canopy  is  separated  from  the  ceiling  by  the  canopy 
insulator  /.  Of  course  the  arrangement  of  outlets  will  differ 
considerably  as  to  details,  depending  on  the  style  of  the 
outlet  box  used  and  the  method  of  bringing  down  the  conduit 
to  the  box.  In  general,  the  conduit  should  be  brought  down 
so  as  to  necessitate  as  little  cutting  of  the  arch  as  possible; 
the  outlet  box  should  be  well  secured  to  the  conduit,  and  the 
fixture  must  be  firmly  supported. 
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Fig.  34  shows  an  outlet  for  a  fixture  or  bracket  where  the 
outlet  box  is  mounted  against  a  brick  wall.  In  this  case  the 
outlet  is  for  electric  light  only,  and  the  fixture  is  supported 
by  screwing  it  on  to  a  threaded  stud  fastened  to  the  back  of 
the  box.  The  outlet  is  wired  on  the  loop  system;  hence,  two 
conduits  are  necessary,  one  to  bring  the  twin  wire  down  and 
the  other  for  the  return.  A  double-pole  wall  switch  would  be 
wired  in  the  same  way,  so  far  as  the  arrangement  of  outlet 
box  and  conduit  is  concerned,  but  the  loops  would,  of  course, 
be  cut  and  the  terminals  attached  to  the  switch.  In  some 
cases  where  outlet  boxes  are  mounted 
on  brick  walls  it  may  be  necessary  to 
cut  out  the  brick  so  as  to  bring  the 

outer  edge  of  the  box  flush  with  the  ' 

plaster,  but  generally  the  wooden 
strips,  or  furring,  nailed  on  brick  walls 
to  take  the  lath  will  make  sufficient 
depth  between  the  surface  of  the 
plaster  and  the  brick  wall  to  take  the 
outlet  box.  Outlet  boxes  should  be 
secured  in  place  by  first  drilling  and 
plugging  the  brick  and  then  fastening 
the  box  with  screws  or  nails. 

When  laying  out  a  job  of  conduit 
wiring,  the  first  thing  to  do  is  to 
locate  the  distribution  cabinets  and 
then  the  various  outlets  for  lamps, 
switches,    etc.,  as    specified   on   the  pio.84 

architect's  plans.  Too  much  care  cannot  be  taken  in  properly 
locating  these  boxes;  when  a  building  is  in  rough  condition 
with  nothing  in  place  other  than  rough  walls  or  partitions,  it  is 
an  easy  matter  to  make  mistakes  in  locating  outlets,  with  the 
result  that  when  the  rooms  are  finished  the  outlets  are  found 
to  be  out  of  place  and  can  only  be  fixed  by  doing  some  of  the 
work  over  again  or  possibly  by  having  to  install  molding. 
All  outlet  boxes  should  be  put  in  place  before  any  conduit  is 
run;  the  wireman  can  then  see  just  where  the  outlets  are 
located  and  can  plan  the  work  so  as  to  use  the  minimum 
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amount  of  conduit  and  labor.  SwHch  outlets  should  be 
placed  about  4  feet  3  inches  from  the  floor  and  side-bracket 
outlets  about  6  feet.  Firm  supports  should  be  provided  for 
outlet  boxes  in  all  cases;  on  ordinary  walls  or  ceilings  boards 
should  be  nailed  across  between  the  joists  or  studding. 

45.  wire  Used  In  Conduits. — Single  wire  used  in 
lined  conduit  is  the  same  as  rubber-covered  wire  used  for 
other  low-voltage  work.  If  twin  wire  is  used,  each  conductor 
must  comply  with  the  requirements  for  other  low-voltage, 
rubber-covered  wire,  except  that  each  wire  may  be  taped 
instead  of  braided,  and  there  must  be  a  braided  covering  over 
the  whole.  For  unlined  conduits,  the  same  requirements 
hold,  and  in  addition  the  wire  must  be  provided  with  an  extra 
braiding  at  least  sV  inch  thick. 

46.  The  following  are  some  of  the  more  important  rules 
relating  to  the  installation  of  conduits: 

Interior  Conduits — 

The  object  of  a  tube  or  conduit  is  to  facilitate  the  insertion 
or  extraction  of  the  conductors,  and  to  protect  them  from 
mechanical  injury.  Tubes  or  conduits  are  to  be  considered 
merely  as  raceways,  and  are  not  to  be  relied  on  for  insulation 
between  wire  and  wire  or  between  the  wire  and  the  ground. 

a.  No  conduit  tube  having  an  internal  diameter 
of  less  than  f  inch  shall  be  used;  measurement  to 
be  taken  inside  of  metal  conduits. 

h.  Must  be  continuous  from  one  junction  box  to 
another  or  to  fixtures,  and  the  conduit  tube  must 
properly  enter  all  fittings. 

In  case  of  underground  service  connections  and  main 
runs,  this  involves  running  each  conduit  continuously  into 
a  main  cut-out  cabinet  or  gutter  surrounding  the  pane) 
board,  as  the  case  may  be. 

c.  Must  be  first  installed  as  a  complete  conduit 
system,  without  the  conductors. 

d.  Must  be  equipped  at  every  outlet  with  an 
approved  outlet  box  or  plate. 

Outlet  plates  must  not  be  used  where  it  is  practicable  to 
install  outlet  boxes. 

In  buildings  already  constructed  where  the  conditions  are 
such  that  neither  outlet  box  nor  plate  can  be  installed,  these 
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appliances  may  be  omitted  by  permission  of  the  Inspection 
Department  having  jurisdiction,  provided  that  the  conduit 
ends  are  bushed  and  secured. 

e.  Metal  conduits,  where  they  enter  junction 
boxes  and  at  all  other  outlets,  etc.,  must  be  pro- 
vided with  approved  bushings  fitted  so  as  to  protect 
wire  from  abrasion,  except  when  such  protection 
is  obtained  by  the  use  of  approved  nipples,  properly 
fitted  in  boxes  or  devices. 

/.  Must  have  the  metal  of  the  conduit  perma- 
nently and  effectually  grounded. 

It  is  essential  that  the  metal  of  conduit  systems  be  joined 
so  as  to  afford  electrical  conductivity  sufficient  to  allow  the 
largest  fuse  or  circuit-breaker  in  the  circuit  to  operate  before 
a  dangerous  rise  in  temperature  in  the  conduit  system  can 
occur.  Conduits  and  gas  pipes  must  be  securely  fastened  in 
metal  outlet  boxes  so  as  to  secure  good  electrical  connection. 
Where  boxes  used  for  centers  of  distribution  do  not  afford 
good  electrical  connection,  the  conduits  must  be  joined 
around  them  by  suitable  bond  wires.  Where  sections  of 
metal  conduit  are  installed  without  being  fastened  to  the 
metal  structure  of  buildings  or  grounded  metal  piping,  they 
must  be  bonded  together  and  joined  to  a  permanent  and  effi- 
cient ground  connection. 

g.  Junction  boxes  must  always  be  installed  in 
such  a  manner  as  to  be  accessible. 

h.  All  elbows  or  bends  must  be  so  made  that  the 
conduit  or  lining  of  same  will  not  be  injured.  The 
radius  of  the  curve  of  the  inner  edge  of  any  elbow 
not  to  be  less  than  3i  inches.  Must  have  not  more 
than  the  equivalent  of  four  quarter  bends  from  out- 
let to  outlet,  the  bends  at  the  outlets  not  being 
counted. 

47.  While  a  conduit  system  is  considered  merely  as  a 
system  of  raceways  for  the  wires,  if  it  is  properly  installed, 
all  joints  firmly  made,  and  an  efficient  ground  provided,  it 
serves  the  purpose  also  of  an  additional  protection.  No 
ground  can  then  occur  anywhere  in  the  concealed  wiring  in 
the  building  except  on  the  conduit,  and  if  that  is  grounded 
to  the  earth,  it  cannot  do  any  damage.  If  two  grounds 
should  occur  on  opposite  sides  of  the  line,  a  **dead**  short 
circuit  would  be  formed  through  the  walls  of  the  iron  pipe. 
This  will  blow  the  fuses  on  the  lines  affected,  disconnecting 
them,  but  doing  no  other  damage.     In  a  job  of  conduit  wiring, 


Digitized  by 


Google 


58  INTERIOR  WIRING  §44 

the  conduit  is,  of  course,  installed  during  the  construction 
of  the  building  before  lathing  and  plastering  are  done.  The 
wires  are,  however,  not  drawn  in  until  all  rough  work  on  the 
building  is  completed  [note  rule  (^)]. 

There  has  been  much  discussion  as  to  what  constitutes  a 
permanent  and  effectual  ground  in  such  work.  In  small 
installations  the  ground  should  be  of  as  great  carrying  capac- 
ity as  the  conductors  within  the  conduit.  In  large  plants 
this  is  not  practicable.  Where  conduits  pass  from  junction 
box  to  junction  box,  they  should  be  well  connected,  electric- 
ally as  well  as  mechanically,  to  the  metal  of  the  boxes,  so 
that  no  part  of  the  conduit  system  will  be  insulated  from  or 
in  poor  contact  with  the  rest  of  the  system.  If  good  contact 
cannot  be  made  between  the  pipe  and-  box,  the  pipe  should 
be  carefully  cleaned  on  each  side  and  a  copper-wire  jtunper 
connected  around  the  box. 

Screw  joints  between  various  lengths  of  pipe  and  between 
pipes  and  junction  boxes  and  cut-out  cabinet  frames  are  to  be 
preferred  to  all  othet  kinds  of  joints,  because  they  are  more 
secure  and  afford  better  electrical  contact.  To  secure  them 
in  an  entire  system,  it  is  necessary  to  use  a  few  right-hand 
and  left-hand  couplings  or  a  few  unions.  Where  unions  are 
used,  they  should  preferably  be  of  brass,  because  brass  gives 

better  contact  at  the  sliding 
joints  than  iron.  In  most 
cases,  however,  instead  of 
a  union  or  right-hand  and 
left-hand  coupling,  the 
thread  is  cut  well  back  on 
^°'  ^  one    piece,    the    coupling 

screwed  on  and  afterwards  screwed  back  over  the  other  piece. 
But  owing  to  the  difficulty  of  installing  screw  joints  in  all 
places,  and  because  other  joints  are  easier  to  make  and 
require  less  expensive  fittings  (though  not  so  good),  many 
systems  have  been  designed  in  which  other  kinds  of  joints 
are  relied  on.  Whatever  system  is  used,  the  workman  must 
not  shirk  the  duty  of  making  good  pipe  connections,  which 
are  as  important  as  soldered  joints  on  the  wires. 
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48.  Flexible  Armored  Conduit. — In  order  to  avoid 
joints  and  make  the  conduit  cheaper  and  easier  to  install* 
flexible  armored  conduits  have  been  broug:ht  forward. 
Fig.  35  shows  a  piece  of  the  Greenfield  conduit  and  the 
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method  of  connecting  it  to  a  junction  box.  This  conduit  is 
made  of  interlocked  steel  ribbon  wound  spirally.  It  affords 
a  good  protection  to  the  wire  against  mechanical  injury  and 
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is  easily  installed,  but  it  is  not  waterproof.  It  is,  therefore, 
inferior  to  the  iron  conduit  for  damp  places  or  where  the 
conduit  has  to  be  laid  in  concrete. 

49.  DraTvlng  Wires  in  Conduits. — ^When  the  wires 
are  to  be  drawn  into  conduits,  soapstone  should  be  blown 
through  first,  as  it  makes  the  wire  slide  through  more  easily 
and  take  the  ells  better.  A  ** snake"  is  first  run  through 
the  tube  and  the  wire  pulled  through  by  means  of  it.  The 
snake  usually  consists  of  a  steel  ribbon  about  i  inch  wide 
with  a  ball  about  i  inch  diameter  on  the  end.  If  the  conduit 
has  many  turns,  it  is  advisable  to  use  a  coiled  spiral  spring 
about  i  inch  diameter  and  6  or  8  inches  long  with  a  ball  on 
one  end  and  the  other  end  fastened  securely  to  the  steel 
ribbon.  The  end  with  the  piece  of  spring  is  pushed  in  first 
and  the  spring  passes  around  the  turns  easily. 

Fig.  36  shows  one  floor  of  a  dwelling  house  wired  with 
conduit.  The  numbers  on  the  various  outlets  indicate  the 
number  of  lamps  supplied.  The  wiring  is  carried  out  on 
the  loop  system,  and  it  will  be  noticed  that  no  branches  are 
taken  off  between  outlets.  Four  circuits  are  used  in  order 
that  there  may  not  be  more  than  ten  lamps  on  any  one  circuit. 


WOODEN     MOIiDINGS 

50.  Wooden  moldings  are  used  for  running  wires  over 
woodwork,  on  walls,  door  and  window  frames,  and  other 
places  where  they  cannot  otherwise  be  well  concealed. 
Moldings  put  up  on  ceilings  or  walls  should  be  arranged 
symmetrically,  so  as  to  disguise  their  purpose,  even  though 
it  may  be  necessary  to  put  up  blank  molding  for  this 
purpose.  Work  of  this  kind  is  confined  almost  exclusively 
to  old  buildings,  and  molding  should  not  be  used  where  it 
can  be  avoided.     The  following  rules  relate  to  moldings: 

Wooden  Moldings — 

a.  Must  have  both  outside  and  inside  at  least 
two  coats  of  waterproof  paint  or  be  impregnated 
with  a  moisture  repellent. 


Digitized  by 


Google 


§44  INTERIOR  WIRING  61 

b.  Must  be  made  of  two  pieces,  a  backing  and 
capping  and  must  afford  suitable  protection  from 
abrasion.  Must  be  so  constructed  as  to  thoroughly 
incase  the  wire  and  provide  a  i-inch  tongue  between 
the  conductors  and  a  solid  backing  that,  under  the 
grooves,  shall  not  be  less  than  f  inch  in  thickness. 

It  is  recommended  that  only  hardwood  molding  be  used. 

Wires — 

For  molding  work: 

Must  have  approved  rubber-insulating  covering. 

Must  never  be  placed  in  molding  in  concealed  or 
damp  places  or  where  the  difference  of  potential 
between  any  two  wires  in  the  same  molding  is  over 
300  volts. 

51.  Irresponsible  parties  sometimes  run  weather-proof 
wire  in  moldings.  This  practice  is  dangerous,  for  there  is 
practically  no  insulation  except  that  on  the  wire,  if  the  mold- 
ing becomes  damp;  in  cleat  and  tube  work  there  is  an  air 
space,  and  in  conduit  work  an  iron  pipe,  as  an  additional 
protection.  Moreover,  a  wire  with  an  air  space  or  an  iron 
jacket  around  it  cannot  do  much  damage  even  if  it  does 
become  very  hot;  but  a  wire  embedded  in  wood  if  overloaded 
excessively   will   char   and   possibly  set  fire  to  the  wood, 


Fio.87 

because  the  heat  cannot  easily  be  dissipated.  For  these 
reasons  molding  work  is  now  prohibited  in  some  of  the  larger 
cities.     Dampness  is  the  greatest  enemy  of  molding  work. 

However,  where  hardwood  moldings  and  rubber-covered 
wires  of  sufficient  size  are  used  in  places  always  dry,  this 
kind  of  work  is  quite  safe.  Moldings  are  especially  conve- 
nient in  running  border  lights  around  the  walls  of  rooms, 
and  in  wiring  for  temporary  displays,  and  other  work  of  a 
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semipermanent  nature.  They  should  not  be  nm  on  brick 
walls  where  there  is  liability  of  moisture  working  through 
from  the  back.  They  are  made  in  a  variety  of  styles,  some 
of  which  are  ornamental  and  nicely  finished  to  match  the 
trimmings  of  the  rooms  in  which  they  are  used.  Fig.  37 
shows  a  typical  two-wire  molding  that  conforms  to  the 
Underwriters'  requirements,  since  it  has  the  backing  a  and 
capping  b.  

TESTS 

52.  After  a  job  of  wiring  has  been  completed,  tests  should 
be  made  to  see  that  all  connections  are  correct  and  also  that 
there  are  no  grounds  or  crosses  between  the  wires.  All 
circuits  should  be  tested  before  fixtures  of  any  kind  are  put 
up,  and  each  fixture  should  be  tested  carefully  before  it  is 
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put  in  place.  Fixtures  when  received  from  the  factory  are 
not  usually  wired,  and  connecting  the  sockets,  etc.  must  be 
done  before  they  are  put  in  place.  If  this  is  not  carefully 
done,  the  fixture  wire  is  apt  to  become  grounded;  hence,  the 
necessity  of  testing  out  fixtures  before  they  are  put  into 
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position.  For  most  of  this  testing  a  magrneto-bell  is  used. 
This  is  a  small  hand-power  electric  generator  connected  with 
a  bell  similar  to  the  call  bell  on  a  telephone.  In  Fig.  38,  /,  /' 
are  the  terminals  to  which  wires  are  attached  in  order  to  test 
any  circuit;  when  a  circuit  is  established  between  them  the 
bell  rings.  These  instruments  are  designed  to  ring  the  bell 
through  resistances  of  5,000  to  10,000  ohms,  or  more. 

53.  Each  branch  circuit  should  be  tested  by  connecting 
its  terminals  at  the  panel  board  or  cut-out  with  the  magneto. 
The  wires  at  all  the  outlets  should  be  separated  and  the  cir- 
cuit rung  up.  If  no  ring  is  obtained,  it  shows  that  there  is 
no  cross  between  the  wires.  The  wires  coming  out  of  each 
outlet  should  then  be  touched  together  in  turn  and  also  their 
corresponding  switch  outlets,  if  there  are  any,  to  see  if  the 
connections  to  the  outlets  are  all  right.  After  each  outlet  is 
rung  up,  its  wires  should  be  left  separated.  Each  side  of 
the  circuit  should  then  be  tested  for  grounds.  If  it  is  a  con- 
duit system,  one  terminal  of  the  magneto  should  be  connected 
to  the  sheathing  and  the  other  to  each  side  of  the  circuit  in 
turn.  If  no  ring  is  obtained  on  either  side,  it  shows  that 
the  wire  is  clear  of  grounds.  If  a  ring  is  obtained,  the  ends 
should  be  carefully  examined,  and  if  necessary  the  wire 
must  be  drawn  out  and  examined.  In  knob-and-tube  work 
the  method  of  testing  is  practically  the  same,  only  in  test- 
ing for  grounds  one  side  of  the  magneto  may  be  connected 
to  a  gas  or  water  pipe.  Each  fixture  should  be  subjected 
to  similar  tests,  and  after  all  the  fixtures  are  in  place,  the 
system  as  a  whole  should  be  tested. 

54.  Undeirwrlters'  Tests. — An  insurance  inspector 
usually  tests  each  branch  line  with  a  magneto  for  con- 
tinuity, short  circuits,  and  grounds.  He  then  usually 
counts  up  the  number  of  lamps  on  each  circuit  and  notes 
the  sizes  of  wire  used  to  see  that  no  wire  is  overloaded  when 
all  the  lamps  are  on.  Concealed  work  must  be  inspected 
before  the  lath  and  plaster  are  put  on,  otherwise  it  will  not 
be  passed  without  special  investigation;  this  means  tearing 
Up  floors  and  walls,  which  is  expensive  to  say  the  least. 
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In  most  installations,  where  the  inspector  has  no  reason 
to  suspect  that  any  faulty  material  has  been  used,  he  is 
able  to  satisfy  himself  by  these  tests  and  by  examining  the 
wotk  with  his  eye;  in  fact,  in  many  cases  an  ocular  inspec- 
tion is  the  only  inspection  made  by  the  authorities,  if  they 
are  satisfied  that  the  contractor  is  honest  and  has  made  the 
other  necessary  tests. 

55.  Where  more  particular  attention  is  given  to  a  piece 
of  work  or  where  it  is  desired  to  learn  whether  an  old 
installation  or  one  not  properly  inspected  at  the  time  the 
work  was  done  is  up  to  the  standard  of  safety,  the  insulation 
resistance  is  measured. 

Insulation  Kesistance — 

The  wiring  in  any  building  must  test  free  from 
grounds;  i.  e.,  the  complete  installation  must  have 
an  insulation  between  conductors  and  between  all 
conductors  and  the  ground  (not  including  attach- 
ments, sockets,  receptacles,  etc.)  of  not  less  than 
the  following: 

Up  to         5  amperes 4,000,000  ohms 

X   Up  to       10  amperes 2,000,000  ohms 

Up  to       25  amperes 800,000  ohms 

Up  to       50  amperes 400,000  ohms 

Up  to     100  amperes 200,000  ohms 

Up  to     200  amperes 100,000  ohms 

Up  to     400  amperes 50,000  ohms 

Up  to     800  amperes 25,000  ohms 

Up  to  1,600  amperes 12,500  ohms 

All  cut-outs  and  safety  devices  should  be  in  place 
when  the  above  test  is  made. 

Where  lamp  sockets,  receptacles,  and  electroliers, 
etc.  are  connected,  one-half  of  the  above  will  be 
required. 

Where  lamps  or  other  devices  are  suspected  of  taking 
more  current  than  they  should  or  where  the  load  on  any 
line  is,  for  any  reason,  in  doubt,  the  current  should  be 
measured  with  an  ammeter. 
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MEASUREMENT    OF    DROP,    IN    VOIiTS 

56.  If  the  current  can  be  turned  on  in  order  to  make  a 
test  of  the  drop  in  voltage,  the  best  way  is  to  use  a  volt- 
meter and  determine  the  actual  drop  on  each  line  at  full 
load.  With  an  ordinary  voltmeter,  the  best  method  is  to 
have  two  pairs  of  test  cords  and  plugs  connected  to  a  double- 
pole  double-throw  switch.  One  pair  of  test  cords  should 
run  to  the  distribution  center;  the  other  should  run  to  the 
fixture  to  which  the  drop  is  to  be  determined.  The  switch 
should  be  so  connected  to  the  voltmeter  that  a  reading  of 
the  voltage  at  the  end  of  one  pair  of  cords  can  be  taken  one 
instant  and  that  at  the  end  of  the  other  pair  of  cords  the 
next.  The  difference  is  the  drop,  in  volts,  on  that  line.  All 
of  the  lamps  should  be  turned  on  while  the  measurements 
are  being  taken,  and  several  sets  of  readings  should  be  made, 
because  currents  supplied  from  central  stations  suffer  varia- 
tions in  voltage.  

MARINE    WORK 

57.  Wiring  on  board  ships  is  subjected  to  some  special 
conditions  and  therefore  requires  special  treatment.  The 
first  important  condition  not  usually  met  with  on  land  is  the 
motion  of  the  ship,  which  makes  it  necessary  to  avoid  all 
forms  of  construction  where  chafing  or  breaking  might  take 
place.  The  second  important  peculiarity  is  the  constant 
dampness  of  the  atmosphere.  For  these  and  other  reasons 
a  separate  code  has  been  prepared  for  marine  work,  from 
which  the  following  rules  are  selected.  They  embody  the 
chief  points  in  which  marine  work  differs  from  other  work. 

Wires — 

a.  Must  be  supported  in  approved  molding  or 
conduit  except  at  switchboards  and  for  portables. 

Special  permission  may  be  given  for  deviation  from  this 
rule  in  dynamo  rooms. 

b.  Must  have  no  single  wire  larger  than  No.  12 
B.  &  S.  Wires  to  be  stranded  when  greater  carry- 
ing capacity   is   required.      No   single   solid   wire 
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smaller  than  No.  14  B.  &  S.  except  in  fixture  wir- 
ing to  be  used. 

Stranded  wires  must  be  soldered  before  being  fastened 
under  clamps  or  binding  screws,  and  when  they  have  a  con- 
ductivity greater  than  No.  10  B.  &  S.  copper  wire,  they  must 
be  soldered  into  lugs. 

c.  Splices  or  taps  in  conductors  must  be  avoided 
as  far  as  possible.  Where  it  is  necessary  to  make 
them,  they  must  be  so  spliced  or  joined  as  to  be  both 
mechanically  and  electrically  secure  without  solder. 
They  must  then  be  soldered,  to  insure  preservation, 
covered  with  an  insulating  compound  equal  to  the 
insulation  of  the  wire,  and  further  protected  by  a 
waterproof  tape.  The  joint  must  then  be  coated  or 
painted  with  a  waterproof  compound. 

Wires  for  Molding:  Work — 

a.     Must  have  an  approved  insulating  covering. 

The  insulation  for  conductors,  to  be  approved,  must  be  at 
least  -ff  inch  in  thickness  and  covered  with  a  substantial 
waterproof  and  flame-proof  braid. 

The  physical  characteristics  shall  not  be  affected  by  any 
change  in  temperature  up  to  200°  F.  After  2  weeks'  sub- 
mersion in  salt  water  at  70°  P.,  it  must  show  an  insulation 
resistance  of  100  megohms  per  mile  after  3  minutes'  electrifi- 
cation with  550  volts. 

d.  Must  have,  when  passing  through  water-tight 
bulkheads  and  through  all  decks,  a  metallic  stuffing 
tube  lined  with  hard  rubber.  In  case  of  deck  tubes, 
they  shall  be  boxed  near  deck  to  prevent  mechan- 
ical injury. 

c.  Must  be  bushed  with  hard-rubber  tubing 
i  inch  in  thickness  when  passing  through  beams 
and  non-water-tight  bulkheads. 

Wires  for  Conduit  Work — 

a.     Must  have  an  approved  insulating  covering. 

The  insulation  for  conductors  for  use  in  lined  conduits,  to 
be  approved,  must  be  at  least  jff  inch  in  thickness  and  be 
covered  with  a  substantial  waterproof  and  flame-proof  braid. 
The  physical  characteristics  shall  not  be  affected  by  any 
change  in  temperature  up  to  200°  F. 

After  2  weeks*  submersion  in  salt  water  at  70**  F..  it  must 
show  an  insulation  resistance  of  100  megohms  per  mile  after 
3  minutes*  electrification  with  55Q  volts. 

For  unlined  metal  conduits,  conductors  must  con- 
form to  the  specifications  given  for  lined  conduits, 
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and  in  addition  have  a  second  outer  fibrous  cover- 
ing at  least  iV  inch  in  thickness  and  sufficiently 
tenacious  to  withstand  the  abrasion  of  being  drawn 
through  the  metal  conduit. 

b.  Must  not  be  drawn  in  until  the  mechanical  work 
on  the  conduit  is  completed  and  the  same  is  in  place. 

c.  When  run  through  coal  bunkers,  boiler  rooms, 
and  where  they  are  exposed  to  severe  mechanical 
injury,  must  be  incased  in  approved  conduit. 

TABLE  V 
TABUS  OF  CAPACITY  OF  WIRES  FOB  MABINE  WOBK 


B.  &  S.  G. 

Area.  Actual 
Circular  Mils 

Number  of 
Strands 

Size  of 

Strands 

B.  &  S.  G. 

Ampeies 

19 

1.288 

18 

1,624 

3 

17 

2,048 

i6 

2.583 

6 

15 

3,257 

14 

4.107 

12 

12 

6.530 

17 

9,016 

7 

19 

21 

11,368 

.  7 

18 

25 

14*336 

7 

17 

30 

18,081 

7 

16 

35 

22,799 

7 

15 

40 

30,856 

19 

18 

50 

38,912 

19 

17 

60 

49.077 

19 

16 

70 

60,088 

37 

18 

85 

75.776 

37 

17 

100 

99,064 

61 

18 

120 

124,928 

61 

17 

145 

157.563 

61 

16 

170 

198,677 

61 

15 

200 

250,527 

61 

14 

235 

296,387 

91 

15 

270 

373.737 

91 

14 

320 

413,639 

127 

15 

340 

Portable  Conductors — 

Must  be  made  of  two  stranded  conductors,  each 
having  a  carrying  capacity  equivalent  to  not  less 
than  No.  14  B.  &  S.  wire,  and  each  covered  with  an 
approved  insulation  and  covering. 

Where  not  exposed  to  moisture  or  severe  mechanical 
injury,  each  stranded  conductor  must  have  a  solid  insulation 
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at  least  i^  inch  in  thickness  and  must  show  an  insulation 
resistance  between  conductors  and  between  either  conductor 
and  the  ground  of  at  least  50  megohms  per  mile  after  2  weeks' 
submersion  in  water  at  70**  F.,  and  be  protected  by  a  slow- 
burning,  tough-braided,  outer  covering. 

Where  exposed  to  moisture  and  mechanical  injury — ^as  for 
use  on  decks,  holds,  and  firerooms — each  stranded  conductor 
shall  have  a  solid  insulation,  to  be  approved,  of  at  least 
A  inch  in  thickness  and  be  protected  by  a  tough  braid.  The 
two  conductors  shall  then  be  stranded  together,  using  a  jute 
filling.  The  whole  shall  then  be  covered  with  a  layer  of 
flax,  either  woven  or  braided,  at  least  A  inch  in  thickness, 
and  treated  with  a  non-inflammable,  waterproof  compound. 
After  1  week's  submersion  in  water  at  70°  F.,  it  must  show 
an  insulation  between  the  two  conductors  or  between  either 
conductor  and  the  gp-ound  of  50  megohms  per  mile. 

Wooden  moldings  must  be  constructed  according  to  the 
requirements  for  ordinary  interior-wiring  work  and  in  addi- 
tion must  conform  to  the  following  rules: 

a.  Where  molding  is  run  over  rivets,  beams,  etc., 
a  backing  strip  must  first  be  put  up  and  the  molding 
secured  to  this. 

b.  Capping  must  be  secured  by  brass  screws. 

Cut-Outs — 

a.  Must  be  placed  at  every  point  where  a  change 
is  made  in  the  size  of  the  wire  (unless  the  cut-out 
in  the  larger  wire  will  protect  the  smaller). 

b.  In  places  such  as  upper  decks,  holds,  cargo 
spaces,  and  firerooms,  a  water-tight  and  fireproof 
cut-out  may  be  used,  connecting  directly  to  mains 
when  such  cut-out  supplies  circuits  requiring  not 
more  than  660  watts  energy. 

c.  When  placed  anywhere  except  on  switchboards 
and  certain  places,  as  cargo  spaces,  holds,  firerooms, 
etc.,  where  it  is  impossible  to  run  from  center  of 
distribution,  they  shall  be  in  a  cabinet  lined  with 
fire-resisting  material. 

d.  Except  for  motors,  searchlights,  and  diving 
lamps,  shall  be  so  placed  that  no  group  of  lamps 
requiring  more  than  660  watts  shall  ultimately  be 
dependent  on  one  cut-out. 

Fixtures — 

a.  Shall  be  mounted  on  blocks  made  from  well- 
seasoned  lumber  treated  with  two  coats  pf  white 
lead  or  shellac. 
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b.  Where  exposed  to  dampness,  the  lamp  must 
be  surrotmded  by  a  vapor-proof  globe. 

c.  Where  exposed  to  mechanical  injury,  the  lamp 
must  be  surrounded  by  a  globe  protected  by  a  stout 
wire  guard. 

d.  Shall  be  wired  with  same  grade  of  insulation 
as  portable  conductors  that  are  not  exposed  to 
moisture   or  mechanical   injury. 

e.  Ceiling  fixtures  over  2  feet  in  length  must 
be  provided  with  stay-chains. 


WIRING  ESTIMATES 

58.  It  is  difficult  to  lay  down  any  reliable  rules  to  be 
used  in  estimating  the  cost  of  a  proposed  wiring  job.  As 
when  estimating  in  other  lines  of  work,  experience  must 
largely  be  relied  on.  The  prices  of  labor  and  material  vary 
so  widely  in  different  sections  of  the  country  that  any  general 
rules  might  lead  to  very  inaccurate  results.  Moreover,  these 
prices  are  always  fluctuating.  One  frequently  sees  state- 
ments to  the  effect  that  certain  kinds  of  wiring  can  be  done 
for  so  much  per  lamp  or  so  much  per  outlet,  but  it  is  evident 
that  while  such  figures  might  be  fairly  correct  so  far  as  the 
average  of  a  large  number  of  installations  is  concerned,  they 
might  be  far  from  correct  when  applied  to  individual  cases. 

59.  The  only  way  in  which  to  obtain  a  fairly  close  esti- 
mate of  the  cost  of  a  given  installation  is  to  prepare  plans 
and  lay  out  the  circuits,  marking  the  size  of  the  wire  and 
the  capacity  of  the  various  switches  and  cut-outs  required. 
By  laying  out  these  plans,  the  amount  of  wire,  conduit,  and 
other  material  required  may  be  arrived  at  quite  closely. 
The  number  of  switches,  cut-outs,  etc.  can  be  counted  up 
and  their  cost  estimated.  In  measuring  the  length  of  the  cir- 
cuits, do  not  forget  to  take  into  account  the  wire  and  material 
necessary  for  running  up  and  down  walls  to  switches  or 
outlets.  Margin  should  be  allowed  for  such  material  as 
tape,  solder,  etc.  The  labor  item  will  depend  largely  on 
whether  the  building  to  be  wired  is  an  old  one  or  one  in  the 
process  of  construction,  also  on  the  style  of  wiring  used,  so 
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that  the  labor  item  can  only  be  determined  from  a  careful 
inspection  of  the  premises  to  be  wired  and  experience  on 
work  of  a  similar  class.  An  ordinary  two-story  dwelling 
house  wired  on  the  concealed  knob-and-tube  system  will 
require  about  6  days'  labor  of  a  man  and  helper.  Some 
small  houses  will  require  less  than  this.  Old  houses  require 
a  much  larger  expenditure  of  labor,  because  there  is  liable  to 
be  considerable  molding  work  to  be  done. 

It  is  unsafe  to  assume  a  certain  cost  per  outlet  in  figuring 
on  a  job  of  wiring  imless  one  has  been  doing  considerable 
work  of  a  certain  class.  As  a  rough  guide,  however,  it  may 
be  stated  that  ordinary  dwellings  wired  on  the  concealed 
knob-and-tube  plan  will  cost  from  $2  to  $3  per  outlet. 
This,  of  course,  does  dot  include  the  fixtures,  but  should 
cover  the  cost  of  snap  switches  and  porcelain  cut-outs. 
Ordinary  exposed  wiring  can  usually  be  run  for  $1  to  $1.76 
per  drop,  including  rosettes,  cord,  and  sockets,  though, 
of  course,  very  much  depends  on  how  closely  the  lights  are 
grouped.  It  is  evident  that  if  the  lamps  are  scattered  very 
much,  the  cost  of  wire,  porcelain  fittings,  and  labor  will  be 
comparatively  high,  and  this  will  increase  the  cost  per  drop. 
Wiring  with  iron-armored  conduit  is  expensive,  but  it  is 
substantial.  For  small  installations,  it  will  probably  cost 
from  $5  to  $6  per  outlet;  in  large  installations,  the 
cost  will  be  somewhat  less.  It  must  be  remembered  that 
these  figures  are  only  approximate.  The  cost  in  different 
localities  might  vary  widely  from  the  above,  and  the  only 
way  to  make  a  fairly  close  estimate  is  to  lay  out  the  circuits, 
make  a  list  of  the  material  needed,  and  estimate  their  cost 
and  the  probable  labor  required. . 
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(PART  8) 


COMBINING  SEVERAL  WIRING  SYSTEMS 


STORE  UGHTING 

1.  A  large  electric-light  installation  generally  requires 
many  kinds  of  wiring,  and  there  are  usually  special  condi- 
tions that  determine  what  kind  of  work  is  to  be  done  in  each 
Tocality.  As  an  example,  we  will  take  the  wiring  system  of 
a  certain  department  store  as  it  was  actually  put  in. 

After  a  careful  study  of  the  conditions  existing,  the  man- 
agers of  the  store  concluded  that  enclosed-arc  lamps  were 
best  suited  for  the  general  illumination  of  their  stores,  and 
that  incandescent  lamps  should  be  installed  at  desks,  in 
closets  and  warerooms,  and  occasionally  in  show  windows. 
Accordingly,  the  premises  were  wired  for  250  enclosed-arc 
lamps  and  500  incandescent  lamps  at  110  volts. 

Separate  feeder  wires  were  run  to  the  ten  departments. 
Two  dynamos  were  installed  in  the  engine  room  in  the  sub- 
basement,  one  of  which  was  capable  of  supplying  current  for 
one-third  of  the  lamps  and  would  be  used  when  the  load  was 
light,  while  the  other  was  capable  of  operating  two-thirds  of 
the  lamps  and  some  small  motors.  When  the  entire  load 
was  on,  the  two  generators  operated  in  parallel. 

2.  In  order  that  light  could  be  secured  in  case  of  a 
breakdown  of  the  plant,  service  wires  from  the  Edison  three- 
wire  system  were  brought  into  the  basement  and  connected 
to  the  switchboard  in  such  a  manner  that  this  current  could 
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be  used.  The  double-throw  switches  and  connections  nec- 
essary to  change  over  from  the  two-wire  to  the  three- wire 
system,  where  arc  lamps  are  used,  are  shown  in  diagram  in 
Fig.  1  (a).  A  special  four-pole  double-throw  switch  was 
installed.  If  there  had  been  no  arc  lamps  requiring  the  direc- 
tion of  the  current  to  be  constant,  one  three-pole  double-throw 
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switch,  connected  as  in  Fig.  1  {b),  would  have  been  sufficient. 
The  use  of  the  three-wire  system  in  this  case  involved  no 
saving  in  the  lines,  as  that  system  extended  only  to  the  main 
switchboard,  beyond  which  the  two- wire  system  was  used. 

3.     The  large  feeder  cables  were  run  from  the  engine 
room  to  the  centers  of  distribution  in  each  of  the  various 


Digitized  by 


Google 


§45  INTERIOR  WIRING^  8 

departments,  in  iron-armored  conduits,  one  cable  to  a  con- 
duit. Cables  and  not  wires  were  used,  because  heavy  solid 
conductors  cannot  be  drawn  into  conduits  with  bends  in  them. 
These  conduits  were  put  together  with  screw  couplings  and 
comer  boxes  of  special  design  at  each  elbow,  as  the  cables 
were  very  heavy.  In  the  basement,  the  conduits  were  con- 
nected together  by  locknuts  and  a  bus-bar,  which  was  grounded 
to  the  water  main  back  of  the  main  valve  on  the  automatic- 
sprinkler  system  by  an  iron  rod,  which  was  inserted  in  the 
water  pipe  like  a  tap.    This  afforded  an  excellent  ground. 

4.  Cut-out  cabinets  were  installed  in  each  department. 
When  in  conspicuous  places,  they  contained  marble  tablets 
on  which  were  mounted  lugs  to  receive  fuses.  Enclosed 
fuses  were  used  and  a  switch  was  provided  on  the  tablet  for 
each  circuit.  The  tablets  were  mounted  in  hardwood  cabi- 
nets with  plate-glass  doors  that  opened  by  sliding  down- 
wards like  a  window  sash.  In  less  conspicuous  places,  the 
cabinets  were  provided  with  hinged  wooden  doors,  were  lined 
with  asbestos,  and  provided  with  porcelain  cut-outs  of  the 
enclosed-fuse  type.  For  each  enclosed-arc  lamp,  a  separate 
branch  line  was  run  from  the  nearest  cut-out  cabinet.  Large 
departments  were  provided  with  several  cut-out  cabinets  con- 
nected to  the  same  pair  of  feeders. 

5.  The  branch  lines  were  run  in  various  ways;  some  of 
them  were  run  in  pipes,  some  in  molding,  and  some  were 
run  open.  Where  placed  in  pipes,  twin  conductors  were 
used  and  the  lamps  were  hung  from  the  pipe  ends  by  means 
of  an  insulating  joint.  All  branch  pipes  were  connected 
together  and  to  the  feeder  pipes  at  the  cut-out  cabinet  in  the 
same  way  as  the  feeder  pipes  were  connected  together  in 
the  basement. 

6.  A  drop  of  2  volts  was  allowed  in  the  mains  and  a  drop 
of  1  volt  in  the  distributing  wires  for  incandescent  lamps. 
All  distributing  wires  for  the  arc  lamps  were  No.  14,  and 
the  resistances  at  the  lamps  were  adjusted  so  as  to  secure 
80  volts  at  the  arc.  From  a  distribution  closet  in  one  of  the 
busiest  departments,  twin  conductors  of  No.  14  wire  were 
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run  to  the  generator  switchboard,  in  an  iron  pipe,  and  con- 
nected to  a  voltmeter  on  the  switchboard.  The  terminals  of 
these  pressure  wires  in  the  closet  were  connected,  with  proper 
cut-out  protection,  to  the  terminals  of  the  feeders.  The 
dynsLtno  tender  was,  therefore,  able  from  the  indications  of 
the  voltmeter  to  regulate  his  machines  so  as  to  maintain  a 
constant  potential  of  110  volts  at  the  cabinets. 

7.  The  show  windows  were  lighted  by  enclosed-arc  lamps 
hung  in  the  space  above  the  goods  displayed,  but  out  of  sight 
from  the  street.  Only  the  outer  globes  projected  below  the 
dust-proof  casing  surrounding  the  window  space.  Thus, 
brilliant  illumination  was  secured  with  very  little  glare  and 
with  great  economy.  The  lamps  were  so  arranged  that  they 
could  be  lifted  out  of  the  globes  whenever  it  was  necessary 
to  trim  them;  but  the  globes  were  never  removed,  being 
cleaned  while  in  place.  This  arrangement  proved  very 
effective  and  convenient.  Additional  circuits  were  run 
to  various  points  for  connecting  incandescent  lamps  and 
special  apparatus  for  holiday  displays. 


THEATER  WIRING 

8.  The  wiring  of  theaters  and  entertainment  halls  pre- 
sents some  peculiar  features.  All  the  lamps  must  be  con- 
trolled from  one  point,  usually  on  the  right  wing  of  the  stage. 
Most  of  the  lights  on  the  stage  are  arranged  in  borders,  or 
long  rows,  that  contain  several  circuits  of  lamps  of  various 
colors,  and  are  also  usually  provided  with  dimmers.  There- 
fore, the  stage  switchboard  of  a  large  theater  is  quite  a  com- 
plicated affair  compared  with  the  distribution  closets  used  in 
ordinary  work. 

In  cases  where  there  are  a  large  number  of  borders  of 
incandescent  lamps,  it  is  inconvenient  to  divide  them  into 
circuits  of  only  660  watts,  and  permission  can  usually  be 
obtained  from  the  Underwriters  to  place  more  lamps  on  such 
circuits  if  special  care  is  taken. 

9.  Sta^e  dimmers  are  of  two  kinds — resisiatue  boxes 
and  reactive  coils.    The  latter  are  more  economical,  but  can  be 
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used  with  alternating  currents  only.  Resistance  boxes  can 
be  used  with  either  direct  or  alternating  current.  Care  must 
be  taken  to  locate  them  where  they  can  be  kept  cool  by  the 
circulation  of  fresh  air.  Reactive  coils  cut  down  the  E.  M.  F. 
applied  to  the  lamps  by  inserting  a  counter  E.  M.  F.  in  the 
circuit.  All  kinds  of  stage  dimmers  must  be  thoroughly 
fireproof  in  construction  and  must  be  mounted  on  fireproof 
frames  so  that  there  will  be  no  possibility  of  their  setting  fire 
to  adjacent  objects.  Old-style  resistance  boxes  were  fre- 
quently provided  with  wooden  casings,  but  this  is  no  longer 
permitted.  There  are  many  reliable  types  of  fireproof  dim- 
mers and  they  can  be  obtained  for  almost  any  desired 
range  of  current  and  voltage.  In  selecting  dimmers  of  the 
resistance  type,  care  should  be  taken  to  see  that  all  sliding 
contacts  are  of  ample  capacity  and  substantially  constructed. 
Most  of  the  dimmers  in  common  use  consist  of  a  resist- 
ance split  into  a  number  of  sections,  so  that  the  amount  of 
resistance  in  series  with  the  lamps  may  be  varied.  They 
are  made  in  a  number  of  different  forms,  some  of  them  being 
arranged  so  that  their  operating  handles  interlock,  allowing 
them  to  be  operated  singly  or  together  in  any  desired  com- 
bination. Dimmers  are,  of  course,  connected  in  series  with 
the  circuits  that  they  are  intended  to  control. 


WIRING    FOR    SPECIAIi    PURPOSES 

10.  While  in  most  work  of  a  permanent  character  the 
closet  or  cabinet  system  of  distribution,  with  very  slight  drop 
in  the  branch  lines,  is  the  proper  system  to  adopt,  there  are 
special  conditions  that  sometimes  make  it  desirable  to  install 
wires  for  a  very  low  price,  for  temporary  or  occasional  use. 
In  such  installations,  the  efficiency  is  of  comparatively  little 
importance,  but  the  proper  regulation  and  uniform  voltage 
at  the  lamps  are  as  important  as  in  permanent  work. 

11.  Let  us  take  a  case,  such  as  the  installation  of  a  thou- 
sand 8-candlepower  lamps  for  decorative  purposes  around 
the  cornices  of  a  building  at  a  fair,  where  the  wires  will  be 
up  for  a  few  days  or  weeks  only.    All  the  lamps  are  to  be 
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burned  at  the  same  time.  In  such  a  case,  it  may  be  eco- 
nomical to  allow  as  much  as  12.5  per  cent,  drop  on  the  lines 
and  use  100- volt  lamps  on  112.5- volt  service.  One  pair  of 
feeder  lines  will  be  run  around  the  building:,  a  distance  of 
1,000  feet.  It  is  desired  to  have  the  drop  such  that  there 
will  be  100  volts  at  any  point  between  the  lines  when  112.5 
volts  is  applied  at  the  terminals;  this  can  only  be  accom- 
plished by  running:  the  lines  in  opposite  directions  and  hav- 
ing them  change  in  size  often  enough  to  secure  practically 
uniform  drop  per  foot.     Fig.  2  (a)  illustrates  such  an  arrange- 


Pio.2 

ment,  and  (*)  shows  the  same  thing  drawn  in  a  straight  line 
instead  of  a  square.  This  is  sometimes  called  the  anii- 
parallel  method  of  feeding. 

12.  There  will  be  a  lamp  for  every  foot,  and  there  will 
be  required  forty  branches  of  No.  14  wire,  with  25  lamps 
on  each  branch,  as  shown  in  Fig.  2  {b).  Weatherproof 
wall  receptacles  will  be  used.  The  total  length  of  wire 
in  the  mains  is  2,000  feet.  The  length  of  wire  to  any 
given  branch  is  1,000  feet;  hence,  the  rate  of  drop  must  be 
12.5  volts  per  1,000  feet.  On  account  of  the  method  of 
feeding  from  each  end,  it  is  easily  seen  in  Pig.  2  (h)  that 
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the  length  of  wire  through  which  the  current  flows  to  any 
point  d  must  be  1,000  feet.  The  currents  that  various  wires 
will  carry  with  a  drop  of  12.5  volts  are  as  follows: 


SiZB  OF 

Volts 

Rbsistancb  per 

WlRB 

Drop 

1.000  Pert 

AMPER] 

No.  14 
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== 
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7.88 

No.  10 

12.5 

H- 

.997 
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12.5 

No.    8 

12.5 

-7- 

.627 

r= 

19.9 

No.    6 

12.5 

-5- 

.394 
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31.7 

No.    5 

12.5 

-i- 

.313 

= 

39.9 

No.    4 

12.5 

-5- 

.248 

r= 

50.4 

The  amperes  for  larger  wires  can  be  found  by  consulting 
the  tables  in  Interior  Wiring,  Part  2. 

Since  the  lamps  are  to  be  8  candlepower,  there  will  be 
about  1  ampere  for  every  four  lamps,  and  consequently  for 
every  4  feet  of  line  (two  wires).  In  making  up  a  conductor 
to  have  nearly  tmiform  drop,  it  will  be  necessary  to  com- 
promise for  all  points  that  do  not  exactly  correspond  with 
the  above-calculated  current  values.  For  instance,  if  No.  12 
wire  is  joined  to  No.  14,  it  must  be  at  a  point  where  there  is 
between  4.96  and  7.88  amperes.  If  lengths  of  wire  are 
selected  so  that  this  joint  will  come  half  way  between  the 
points  where  the  wires  exactly  correspond,  it  will  be  near 
enough.  The  results  will  then  be  as  tabulated  on  the 
following  page. 

In  this  table  the  second  column  is  obtained  by  dividing 
the  volts  drop  (12.5)  by  the  resistance  per  1,000  feet  of  the 
various  sizes  of  wire.  The  third  column  is  found  by  taking 
the  approximate  value  of  the  current  multiplied  by  4  because 
there  is  1  ampere  for  every  4  feet  of  cornice.  The  fourth 
column  is  obtained  by  taking  one-half  the  difference  between 
the  succeeding  quantities  in  the  third  column  and  adding  this 
difference  to  the  quantity  in  the  third  column.  For  example, 
at  a  point  20  feet  from  the  end,  the  current  is  4.96  amperes 
and  at  a  point  32  feet  from  the  end  it  is  7.88  amperes. 
As  stated  above,  lengths  of  wire  will  be  selected  so  as  to 
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bringf  the  joints  between  the  different  sizes  of  wire  mid- 
way between  the  points  where  the  wires  correspond.  Hence, 
in  the  first  case,  if  there  is  a  current  of  7.88  amperes 
32  feet  from  the  end  and  a  current  of  4.96  amperes  20  feet 


from  the  end,  the  joint  will  be  20  + 


32-20 


=  26  feet  from 


the  end  and  26  feet  of  No.  14  wire  will  be  required.  Also,  in 
the  case  of  the  No.  8  and  No.  6  wires,  there  is  a  current  of 
19.9  amperes  80  feet  from  the  end  and  31.7  amperes  127  feet 
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160.3  * 

641 

724 
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201.6 

'      806 

913 

189 

0000 

255.1 

1,020 

1,000 

87 

from  the  end;  hence,  the  joint  between  the  two  sizes  will  be 


80  + 


127-80 


=  103.5  feet  from  the  end.     In  the  table,  the 

£t 

nearest  even  number  of  feet  is  given,  so  that  this  is  taken 
as  104.  In  the  case  of  the  0000  wire,  the  distance  from  the 
end  of  the  line  corresponding  to  a  drop  of  12.5  volts  works 
out  1,020  feet,  though,  of  course,  there  will  not  be  quite  as 
large  a  current  as  255.1  amperes  because  the  line  cannot  be 
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longer  than  1,000  feet.  This  quantity  is,  however,  used  in 
determining  the  distance  (913  feet)  of  the  end  of  the  000  wire 
from  the  end  of  the  line.  The  distance  of  the  end  of  the 
0000  wire  must,  of  course,  be  1,000  feet  because  the  cornice 
is  1,000  feet  long.  The  lengths  in  the  fifth  column  are 
obtained  by  subtracting  the  successive  values  of  the  fourth 
column,  for  example,  65  —  41  =  24,  104  —  66  =  39,  etc. 

13.     Cut-outs  will  have  to  be  installed  as  follows: 

15  amperes,  to  protect  Nos.  14,  12,  and  10 
25  amperes,  to  protect  No.  8 
65  amperes,  to  protect  Nos.  6,  5,  4,  and  3 
130  amperes,  to  protect  Nos.  2,  1,  and  0 
160  amperes,  to  protect  No.  00 
250  amperes,  to  protect  Nos.  000  and  0000 

This  statement  assumes  that  weather-proof  wire  is  to  be 
used.  Fig.  3  is  a  diagram  of  a  portion  of  the  wiring  in 
place,  showing  the  connections  of  cut-outs. 
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14.  Another  method  of  wiring  for  temporary  work  is  to 
put  up  wires  on  the  feeder  system  just  large  enough  to 
carry  the  current,  and  then  calculate  the  drop  and  install 
lamps  of  the  required  voltage.  This  is  a  simple  and  very 
cheap  method.  In  the  case  of  the  border  lamps  just  con- 
sidered, there  would  be  eight  pairs  of  feeders  of  No.  10  wire, 
with  125  lamps  per  feeder.  If  they  are  arranged  as  shown 
in  Fig.  4,  the  lengths  of  these  feeders  and  the  drop  on  each 
may  be,  roughly,  as  follows,  if  each  lamp  required  i  ampere. 
Current  in  each  feeder  is  -4-^  amperes,  and  No.  10  wire  has  a 
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resistance  of  about  1  ohm  per  1,000  feet.    The  approximate 
lengths  of  the  feeders  will  be  as  given  below: 

Two  lines  425  feet  (two  wires)  long,  26.6  volts  drop 
Two  lines  300  feet  (two  wires)  long,  18.8  volts  drop 
Two  lines  175  feet  (two  wires)  long,  10.9  volts  drop 
Two  lines    50  feet  (two  wires)  long,    3.1  volts  drop 

The  resistance  of  425  feet  (.425  thousand  feet)  of  No.  10 
wire  is,  approximately,  .425  ohm  and  the  drop  in  the  first 
case  =  -4^  X  .425  X  2  =  26.6.  The  others  are  found  in  a 
similar  manner.  In  the  distribution,  about  1  volt  would 
be  lost.  Consequently,  if  125  volts  is  supplied,  the  lamps 
should  have  voltages  of  97,  105,  113,  and  121  if  each  lamp 
requires  i  ampere. 
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15.  There  are  many  other  methods  or  plans  by  which 
such  a  building  could  be  wired  for  a  large  drop  and  still  be 
furnished  with  uniform  and  steady  light.  These  suggestions 
merely  show  how  material  may  be  saved.  By  making  every 
installation  a  matter  of  special  study,  until  he  has  thoroughly 
mastered  every  detail  of  the  business,  the  wireman  will  dis- 
cover many  ways  of  economizing  labor  and  material  that  can- 
not be  brought  to  his  attention  in  any  other  manner.  Before 
using  any  unusual  method,  however,  he  should  make  certain 
that  there  is  no  objection  on  the  part  of  the  Underwriters  or 
of  the  Fire  Department  to  what  he  proposes  to  do. 
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HIGH-POTENTIAL    SYSTEMS 

16.  The  Underwriters*  rules  so  far  given  apply  to  systems 
using  550  volts  or  less;  for  pressures  over  550  volts,  the 
following  rules  apply: 

HIGH-POTENTIAL  SYSTEMS 
550  to  3,500  Volts 

Any  circuit  attached  to  any  machine  or  combina- 
tian  of  machines  which  develops  a  difference  of  poten- 
}ial  between  any  two  wires  of  over  550  volts  and  less 
than  3,500  volts  shall  be  considered  as  a  high-potential 
circuit  and  as  coming  under  that  class ,  unless  an 
approved  transforming  device  is  used  which  cuts  the 
difference  of  potential  down  to  550  volts  or  less. 

Wires — 

a.  Must  have  an  approved  rubber  insulating 
covering. 

b.  Must  be  always  in  plain  sight  and  never 
incased  except  where  required  by  the  Inspection 
Department  having  jurisdiction. 

c.  Must  be  rigidly  supported  on  glass  or  porce- 
lain insulators,  which  raise  the  wire  at  least  1  inch 
from  the  surface  wired  over,  and  must  be  kept 
about  8  inches  apart. 

d.  Must  be  protected  on  side  walls  from  mechan- 
ical injury  by  a  substantial  boxing,  retaining  an  air 
space  of  1  inch  around  the  conductors,  closed  at  the 
top  (the  wires  passing  through  bushed  holes)  and 
extending  not  less  than  7  feet  from  the  floor.  When 
crossing  floor  timbers  in  cellars  or  in  rooms  where 
they  might  be  exposed  to  injury,  wires  must  be 
attached  by  their  insulating  supports  to  the  under  side 
of  a  wooden  strip  not  less  than  i  inch  in  thickness. 

17.  It  is  never  advisable  to  bring  high-potential  wires 
into  a  building  when  it  can  be  avoided.  The  danger  to  life, 
due  to  their  presence,  is  greater  than  the  fire  hazard.  An 
arc  on  a  high-potential  circuit  carrying  much  current,  once 
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started,  will  continue  to  burn  even  when  the  points  between 
which  it  plays  are  separated  several  inches;  and  a  lis:btning 
discharge  can  easily  start  such  an  arc.  High-potential 
systems  of  over  560  volts  are  usually  alternating.  Series  arc- 
lighting  circuits  are  the  only  important  direct-current  high- 
potential  circuits  much  used  in  the  United  States.  With  the 
exception  of  arc  lamps,  it  is  seldom  necessary  to  bring  any 
high-potential  wires  inside  of  buildings.  Where  alternating 
current  is  used,  the  line  pressure  is  lowered  by  means  of  trans- 
formers, and  it  is  never  necessary  to  bring  the  high-pressure 
wires  farther  than  the  substations  or  transformer  rooms. 

18.  Transformers. — The  ordinary  alternating-current 
transformer  consists  of  two  coils  of  wire  wound  on  an  iron 
core  built  up  of  thin  sheets  of  iron.  One  of  these  coils,  the 
primary^  has  a  comparatively  large  number  of  turns  and  is 
connected  to  the  high-pressure  line.  The  other  coil,  the 
secondary,  has  a  small  number  of  turns  and  is  connected  to 
the  lamps  or  other  devices  to  be  supplied  with  current.  The 
high-pressure  current  flows  through  the  primary  and  sets  up 
an  alternating  magnetism  through  the  secondary  and  induces 
an  E.  M.  F.  that  is  proportional  to  the  ratio  of  the  number 
of  turns  in  the  secondary  coil  to  the  number  of  turns  in  the 
primary.  For  example,  if  the  primary  had  five  hundred 
turns  and  the  secondary  fifty,  the  secondary  voltage  would 
be  WcT,  or  iV  the  primary  voltage,  and  if  the  primary  were 
supplied  at  1,000  volts,  the  secondary  would  deliver  100  volts. 
Special  attention  should  be  given  to  the  following  rules  gov- 
erning the  installation  of  transformers.  Cut-outs  on  primary 
circuits  must  be  of  some  pattern  especially  designed  and 
approved  for  the  purpose;  ordinary  fuse  blocks  must  not 
be  used  for  high  voltages. 

19.  Rules  Belatingr  to  Transformer  Installation. 
Transformers — 

a.  Must  not  be  placed  inside  of  any  building, 
excepting  central  stations,  unless  by  special  per- 
mission of  the  Inspection  Department  having  juris- 
diction. 
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b.  Must  not  be  attached  to  the  outside  walls  of 
buildings,  unless  separated  therefrom  by  substantial 
supports. 

(  When  Permitted  inside  buildings) 

a.  Must  be  located  at  a  point  as  near  as  pos- 
sible to  that  at  which  the  primary  wires  enter  the 
building. 

b.  Must  be  placed  in  an  enclosure  constructed  of 
or  lined  with  fire-resisting  material;  the  enclosure 
to  be  used  only  for  this  purpose,  and  to  be  kept 
securely  locked  and  access  to  the  same  allowed  only 
to  responsible  persons. 

c.  Must  be  effectually  insulated  from  the  ground 
and  the  enclosure  in  which  they  are  placed  must  be 
practically  air-tight,  except  that  it  shall  be  thor- 
oughly ventilated  to  the  outdoor  air,  if  possible, 
through  a  chimney  or  flue.  There  should  be  at  least 
6  inches  of  air  space  on  all  sides  of  the  transformer. 

20.  The  greatest  danger  to  be  feared  in  the  use  of  trans- 
formers is  the  grounding  of  the  primary  on  the  secondary 
wires.  This  may  occur  either  on  account  of  a  breakdown  of 
the  insulation  under  working  conditions  or  because  of  light- 
ning striking  the  primary  wires.  Efficient  protection  against 
lightning  is  an  essential  part  of  the  out-of-door  and  central- 
station  equipment. 

WIRING  FOR  ARC  liAMPS 

21.  Constant-Potential  Arc  Ijamps. — The  use  of  are 

lamps  in  parallel  on  low-potential  circuits  has  already  been 
considered.  Wiring  for  these  lamps  is  done  in  practically 
the  same  way  as  for  incandescent  lamps,  so  that  no  special 
comment  is  necessary.  The  following  special  rules  relate  to 
arc  lamps  operated  on  low-pressure  circuits: 
Arc  liifiTlits  on  liOW-Potential  Circuits — 

a.  Must  have  a  cut-out  for  each  lamp  or  each 
series  of  lamps. 

The  branch  conductors  should  have  a  carrying  capacity 
about  50  per  cent,  in  excess  of  the  normal  current  required 
by  the  lamp  to  provide  for  heavy  current,  required  when 
lamp  is  started  or  when  carbons  become  stuck,  without 
overfusing  the  wires. 
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b.  Must  only  be  furnished  with  such  resistances 
or  regfulators  as  are  enclosed  in  non-combustible 
material,  such  resistances  being:  treated  as  sources 
of  heat.  Incandescent  lamps  must  not  be  used  for 
resistance  devices. 

c.  Must  be  supplied  with  globes  and  protected 
by  spark  arresters  and  wire  netting:  around  globe, 
as  in  the  case  of  series  arc  lights. 

Outside  arc  lamps  must  be  suspended  at  least  8  feet  above 
sidewalks.  Inside  arc  lamps  must  be  placed  out  of  reach  or 
suitably  protected. 

22.  Constant-Current  Arc  Ijanips. — ^Arc  lamps  used 
for  street  lighting  are  nearly  always  run  in  series.  With 
this  arrangement  the  same  current  flows  through  all  the 
lamps  and  must  be  maintained  at  a  constant  value  by  the 
generator,  no  matter  how  many  lights  may  be  in  operation. 
The  voltage  generated  by  the  dynamo  therefore  varies  with 
the  load  and  the  current  remains  constant.  This  is  just  the 
reverse  of  the  constant-potential  system.  It  is  easily  seen 
that  if  the  number  of  lamps  is  at  all  large,  the  pressure 
applied  to  the  circuit  has  to  be  very  high;  hence,  arc  lamps 
connected  to  such  a  circuit  must  be  treated  as  being  on 
a  high-pressure  system  and  wired  accordingly.  Series  arc 
lamps  are  also  used  for  indoor  illumination,  though  not  as 
extensively  as  formerly. 

23.  In  all  constant-potential  installations,  protective 
devices  are  installed  to  open  the  circuit  whenever  the  lines 
are  overloaded  or  the  apparatus  does  not  operate  properly. 
In  constant-current  working,  the  circuit  must  never  be  opened 
while  the  dynamo  is  running.  The  protective  devices  used 
on  constant-potential  working  must,  therefore,  never  be 
installed  on  constant-current  circuits. 

All  series-arc  apparatus  is  thrown  out  of  circuit  by  shunt- 
ing or  short-circuiting  the  main  circuit  before  opening  the 
lines  on  which  the  apparatus  is  connected.  The  switch 
should  be  constructed  so  that  the  lamp  will  be  disconnected 
from  the  line  after  it  has  been  shunted  and  the  switch  should 
indicate  clearly  whether  it  is  on  or  off.  It  should  also  be 
semi-automatic  in  its  action;  i.  e.,  when  the  handle  has  been 
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thrown  the  blades  should  be  so  actuated  by  springfs  that  they 
will  move  quickly  and  not  stop  between  points  and  thus  draw 
an  arc.  The  constant-potential  arc  lamp  has  proved  such  a 
success  that  it  has  largely  replaced  the  series  lamp  for  inte- 
rior lighting,  thus  doing  away  with  the  high-tension  wiring, 
which  at  best  was  always  a  necessary  evil. 

24.  The  general  method  of  installing  series  arc-lighting 
wires  is  similar  to  that  used  in  other  high-tension  interior  work. 
They  must  be  very  thoroughly  protected  against  accidental 
contact  with  anything  not  intended  to  connect  with  them. 

Rubber-covered  wire  mounted  in  plain  sight  on  porcelain 
insulators  must  be  used  and  an  approved  service  switch 
must  be  placed  where  the  wires  enter  the  building  so  that 
the  high-tension  current  can  be  completely  cut  off  by  firemen 
or  policemen  in  case  of  fire  in  the  building.  The  wires  must 
be  kept  at  least  8  inches  apart.  It  must  be  remembered  that 
there  is  always  a  strong  tendency  for  grounds  to  develop  on 
series  arc-light  circuits  on  account  of  the  high  pressure  used. 
For  this  reason  the  Underwriters*  rules  are  particularly  exact- 
ing regarding  the  insulation  of  interior  wiring  for  this  class 
of  work,  and  all  fittings  used  must  be  carefully  selected;  for 
example,  ordinary  snap  switches  are  not  allowed.  In  case  it 
is  necessary  to  run  the  wires  up  side  walls,  they  must  be 
protected  by  a  boxing  that  will  leave  a  clear  air  space  of 
1  inch  arotmd  the  wires.  This  boxing  must  be  closed  at  the 
top  in  order  to  keep  out  dirt  and  rubbish  and  the  wires  must 
be  bushed  with  porcelain  tubes  where  they  pass  through  the 
top  of  the  casing. 

The  current  supplied  to  constant-current  arc  lamps  seldom 
exceeds  9  or  10  amperes  and  often  it  is  as  low  as  6.6 
amperes.  As  far  as  mere  carrying  capacity  is  concerned, 
No.  14  wire  will  be  large  enough  to  satisfy  the  Underwriters' 
requirements;  but  the  wire  is  frequently  of  the  same  size  as 
that  used  by  the  lighting  company  for  the  outside  lines, 
which  must  be  as  large  as  No.  6  or  No.  8  B.  &  S.  in  order 
to  secure  sufl&cient  mechanical  strength  and  also  in  order  to 
reduce  the  drop  in  the  line. 
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25.  The  tendency  is  to  connect  more  and  more  arc 
lamps  on  a  series  circuit.  In  the  early  days  of  electric 
lighting,  arc  machines  were  made  to  operate  1,  2,  or  3 
lamps.  The  number  was  increased  to  30  or  50,  and  finally 
to  60,  where  the  limit  remained  for  a  few  years.  But 
machines  are  now  built  to  operate  as  many  as  125  lamps 
on  a  single  circuit,  and  are  in  quite  general  use,  although  the 
Underwriters  prohibit  the  bringing  of  circuits  of  more  than 
3,500  volts  (70  series  arc  lamps)  within  buildings.  With 
45  volts  at  the  arc  and  5  volts  lost  on  the  line  for  each  lamp, 
we  have  on  a  125-lamp  machine  a  total  potential  difference  of 
6,250  volts.  A  shock  received  through  the  human  body  from 
such  a  circuit  is  almost  sure  to  be  fatal.  Too  much  care 
cannot  be  taken  not  only  to  insulate  the  wires  and  locate 
them  out  of  reach,  but  also  to  insulate  the  lamps.  They 
should  be  hung  from  an  approved  form  of  hanger  board  or 
insulated  supports,  and  not  from  hooks  screwed  into  the 
ceiling. 

26.  Incandescent  liamps  on  Series  Circuits. — The 

use  of  incandescent  lamps  connected  in  series  for  street 
lighting  is  quite  extensive,  but  such  lamps  are  rarely  brought 
inside  of  buildings.  When  they  are,  the  rules  for  other 
classes  of  high-potential  work  apply.  Each  lamp  must  be 
provided  with  an  automatic  cut-out  and  must  be  suspended 
from  a  hanger  board  by  means  of  a  rigid  tube.  Lamps 
must  not  be  connected  in  series-parallel  or  parallel-series 
and  under  no  circumstances  should  they  be  attached  to  gas 
fixtures. 

Incandescent  lamps  used  on  series  circuits  must  be  pro- 
vided with  fittings  designed  for  that  purpose.  The  rule 
against  series-parallel  connections  means  that  a  connection 
such  as  twenty  110- volt  lamps  in  parallel  must  not  be  placed 
in  series  with  a  10-ampere  arc-lighting  system.  The  burning 
out  of  one  or  two  incandescent  lamps  on  such  a  system 
would  throw  too  much  current  on  the  others,  burn  them  out, 
and  destroy  the  sockets.  Many  other  reasons  forbid  such 
connections. 
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WIRING  FOR  BliECTRIC  MOTORS 

27.  The  wireman  is  frequently  called  on  to  connect  up 
motors;  these  are  nearly  always  operated  at  constant  poten- 
tial, and  the  wires  are  installed  as  for  other  wiring:  of  this 
kind.  They  are  usually  operated  on  110,  220,  or  500  volts 
direct  current  or  on  similar  voltages  alternating  current. 
Alternating-current  motors  are  usually  run  on  either  the  two- 
or  three-phase  system.  Care  should  be  taken  to  see  that 
the  interior  wiring  has  sufficient  capacity;  to  determine  which, 
the  current  taken  by  the  motor  at  full  load  should  be  known. 

It  is  well  to  allow  a  liberal  amount  of  current  for  small 
motors,  because  of  their  low  efficiency.  The  efficiency  of  a 
large  motor  can  be  learned  from  the  manufacturer;  and  high- 
grade  high-priced  machines  are  more  efficient  than  cheap 
ones;  this  is  a  most  important  consideration  to  the  pur- 
chaser. For  the  purposes  of  wiring,  however,  it  is  safe  to 
figure  90  per  cent,  efficiency  for  motors  over  10  horsepower 
in  capacity,  85  per  cent,  for  motors  between  5  and  10  horse- 
power, 80  per  cent,  for  motors  between  2  and  5  horsepower, 
75  per  cent,  for  motors  of  1  horsepower,  and  lower  efficien- 
cies for  motors  of  smaller  sizes.  Alternating-current  motors 
take  somewhat  more  current  for  the  same  output  than  those 
operated  on  direct  current.  Table  I  gives  the  approximate 
value  of  the  current  in  the  lines  for  motors  of  various  sizes 
and  voltages.  These  figures  will  vary  somewhat  in  indi- 
vidual cases,  because  the  efficiency  and  other  characteristics 
of  motors  vary  considerably.  The  current  taken  by  a  motor 
at  full  load  is  usually  given  by  the  makers  on  the  name  plate 
of  the  machine.  If  it  is  not  given,  the  table  will  serve  as  a 
guide  in  determining  the  size  of  wire  to  be  used. 

28.  Motors  should,  whenever  possible,  be  insulated  from 
the  ground  by  means  of  wooden  base  frames.  This,  how- 
ever, can  seldom  be  done  when  motors  are  mounted  on 
machine  tools  or  for  similar  work.  The  wiring  must  be 
carried  out  in  the  same  way  as  required  for  lights.  Where 
motors  are  mounted  near  or  on  machinery,  special  precautions 
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must  be  taken  to  protect  the  wires  by  running  them  in 
pipe  or  flexible  conduit.  The  branch  circuits  running  from 
the  mains  to  a  motor  should  be  designed  to  carry  at  least 
26  per  cent,  more  current  than  that  for  which  the  motor  is 
rated,  in  order  to  allow  for  the  large  current  at  starting  and  for 
occasional  overloads.  A  main  switch  must  be  provided  that 
will  open  all  wires  leading  from  the  mains  to  the  motor 
unless  the  motor  is  less  than  i  horsepower  and  is  operated 
on  less  than  300  volts,  in  which  case  a  single-pole  switch 
may  be  used.  Each  motor  must  also  be  provided  with  a  cut- 
out, but  if  an  automatic  circuit-breaker  that  opens  all  the 
wires  leading  to  the  motor  is  used,  the  main  switch  and  cut- 
out may  be  dispensed  with  and  the  automatic  circuit-breaker 
made  to  serve  both  as  switch  and  cut-out.  A  single-pole 
circuit-breaker  cannot  be  used  instead  of  the  switch  and  cut- 
out; in  any  event  it  is  advisable  to  equip  motors  with  circuit- 
breakers,  particularly  if  they  are  used  to  drive  machinery 
likely  to  cause  temporary  overloads. 

29.  The  switch  and  starting  box  should  be  located  within 
sight  of  the  motor  and  the  starting  box  should  be  equipped 
with  an  automatic  release  attachment  that  will  allow  the 
rheostat  arm  to  fly  back  to  the  oflE-position  in  case  the  power 
fails.  Motors  must  not  be  run  in  series-parallel  or  parallel- 
series  except  on  constant-potential  systems,  and  then  only  by 
special  permission. 

The  Underwriters'  rules  prohibit  the  operation  of  motors 
or  lights  from  street-railway  circuits,  except  in  street  cars, 
car  bams,  or  railway  power  houses.  The  reason  for  this  is 
that  one  side  of  a  railway  system  is  grounded  to  the  rails, 
and  the  installation  of  motors  or  lights  would  always  intro- 
duce more  or  less  fire  risk. 
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BELL  WIRING 

30.  Electric  bells,  burglar  alarms,  and  electric  gas- 
lighting  appliances  bring  in  another  class  of  wiring  with 
which  the  wireman  has  to  deal.  If  these  appliances  are  put 
in  properly,  they  may  be  a  great  convenience;  if  not,  they 
are  continually  getting  out  of  order  and  may  prove  to  be  a 
regular  nuisance.  This  class  of  work  is  often  slighted  and 
put  up  in  a  cheap  manner,  but  it  will  pay  in  the  end  to  have 
it  put  up  carefully.  The  bells  and  annimciators  that  show 
from  what  point  the  bell  Was  rung  are  operated  by  primary 
batteries,  which  are  of  low  voltage,  and  no  fire  hazard  is 
introduced  if  the  bell  wires  are  kept  well  separated  and 
insulated  from  electric  light  and  power  wires. 


THE  EliECTRIC  BEIili 
31.  The  electric  bell  is  a  very  simple  piece  of  appa- 
ratus. Fig.  5  shows  a  skeleton  b^U,  in  which  all  the  parts  are 
visible.  With  the  battery  wires  connected  at  the  termi- 
nals /,  /^  the  course  of  the  current  is:  From  the  terminal  /to 
the  adjustment  screw  s,  which  is  tipped  with  platinum  in 
order  to  prevent  oxidation  of  the  contact  surface,  through 
the  spring  /  and  the  end  p  pf  the  armature  to  the  coils  of  the 
magnets  m,  m\  and  out  at  the  terminal  i^.  When  no  current 
is  passing,  the  armature  is  held  from  the  poles  of  the 
electromagnets,  as  in  the  position  shown,  but  as  soon  as  a 
battery  circuit  is  closed  and  a  current  sent  through  the  coils, 
the  magnets  become  energized  and  attract  the  armature  a, 
which  swings  about  the  pivot  /,  causing  the  hammer  A  to 
strike  the  bell.  This  movement  breaks  the  circuit  between 
s  and  /,  and  the  iron  cores  being  thereby  demagnetized,  the 
spring  c  draws  the  armature  away,  when  the  spring  /  again 
touches  the  screw  s,  completing  the  circuit.  As  long, 
then,  as  the  battery  current  is  free  to  flow,  this  vibration  of 
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the  armature  and  hammer  will  continue.  The  tension  of 
the  release  spring  c  may  be  changed  to  suit  the  strength  of  the 
battery  by  means  of  the  regulating  screw  r,  which  is  pro- 
vided with  nuts  on  each  side  of  the  supporting  pillar.  The 
bell  mechanism  is  usually  enclosed  to  prevent  entrance  of 
dust  or  insects,  which  may  interfere  with  the  working  of  the 
bell  by  lodging  on  the  contact  points,  thereby  preventing 
the  current  from  passing  through  the  magnets. 

32.  The  bell  just  described  is  of  the  common  vibrating 
class.  When  a  bell  is  required  to  give  a  single  stroke  each 
time  the  circuit  is  closed,  that  is,  for  each  momentary  flow  of 
current,    a   slight   difference   in   tte 

connection  of  the  ordinary  bell  is 
necessary.  A  wire  is  connected  be- 
tween the  end  of  the  magnet  coil  m 
and  the  terminal  /,  so  that  the  circuit 
is  simply  from  one  terminal  to  the 
other  through  the  coils.  Hence, 
when  a  current  passes  through  the 
coils,  the  armature  is  attracted  and 
held,  a  single  stroke  being  given  to 
the  bell;  on  interrupting  the  current, 
the  armature  is  drawn  back  to  its 
normal  position  by  the  spring  c, 

33.  The  buzzer,  shown  in  Fig.  6, 
is  used  in  places  where  an  electric 

bell  would  be  undesirable,  as  in  small,  p»«-  s 

quiet  rooms  or  on  desks,  and  is  constructed  on  the  same 
principle  as  the  bell  except  that  the  armature  does  not  carry 
a  hammer.  In  the  illustration,  the  cover  c  is  removed, 
showing  the  magnet  coils  w,  m'  and  the  armature  a.  An 
adjusting  screw  s  is  provided  to  regulate  the  stroke  of 
the  armature  and  the  consequent  intensity  of  sound.  The 
wires  from  the  push  button  and  battery  are  secured  at  d 
and  Cy  and  on  closing  the  circuit,  the  rapid  vibration  of  the 
armature  causes  a  humming  or  buzzing  sound,  whence 
the  name. 

46B— 81 
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Buzzers  are  generally  used  for  signaling:  in  places  where 
a  bell  would  make  too  much  noise,  as,  for  example,  between 
the  dining  room  and  kitchen  of  a  residence. 


Pio.  6 

34.  The  circuit-closing  devices  used  on  bellwork  usually 
take  the  form  of  a  pusli  button.  These  are  made  in  all 
sorts  of  styles.     The  very  cheap  wooden  ones  are  seldom 

satisfactory  and  bronze  push  but- 
tons should  be  used  where  ex- 
posed to  the  weather.  Fig.  7 
shows  the  ordinary  round  push 
button.  The  wires  enter  through 
holes  in  the  base  and  attach  to 
springs  b  and  c\  the  cover  d 
screws  on.  When  e  is  pushed, 
b  and  c  come  together,  and  com- 
plete the  circuit. 

One  cell  of  any  efficient  type 
will  ring  a  good  bell  over  a 
short  length  of  wire,  but  it  is 
never  advisable  to  rely  on  less 
than  two  cells,  even  in  the  smallest  installations.  When  sev- 
eral cells  are  connected  together  to  form  a  battery,  the  zinc 
of  one  must  be  joined  to  the  carbon  of  the  next  and  the  free 
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terminals  at  the  ends  of  the  row  of  cells  connected  to  the 
line  wires. 

36,  Electric  bells  can  be  had  of  all  sizes.  Very  cheap 
bells  should  not  be  used,  as  they  require  much  battery  power 
and  soon  get  out  of  order.  Trouble  is  usually  found  first  at 
the  contact  points  or  the  armature  pivot.  Contact  points 
should  be  tipped  with  platinum  or  silver;  platinum  being 
much  the  better  material  for  this  purpose,  as  it  never  cor- 
rodes or  tarnishes,  but  it  is  more  expensive  than  silver, 
which  is  much  used  on  cheap  bells. 

In  an  ordinary  dwelling  there  are  frequently  three  electric 
bells,  one  located  at  a  convenient  point  in  the  rear  hall 
with  a  push  button  at  the  front  door;  one  in  the  kitchen 
with  a  push  at  the  back  door,  and  one,  a  buzzer,  located  in 
the  kitchen  with  a  push  in  the  dining-room  floor.  These 
bells  may  all  be  operated  by  the  same  battery.  The  battery 
should  be  located  in  a  cool  place,  but  where  it  never  is  cold 
enough  to  freeze;  preferably  in  the  cellar,  where  the  air  is  not 
so  dry  that  the  water  in  the  cells  evaporates  rapidly.  Cells 
should  not  be  allowed  to  become  dry.  Water  should  be 
added  from  time  to  time  so  as  to  keep  the  level  of  the  solu- 
tion up  to  the  proper  height,  which  is  usually  marked  on  the 
glass  jar.  

BATTERIES 

36.  Many  different  types  of  cell  are  manufactured  that 
are  suitable  for  bellwork.  Most  of  them  are  of  the  open- 
circuit  type,  which  are  intended  to  furnish  cm-rent  for  short 
intervals  only  and  will  run  down  if  used  continuously. 
Crosses  between  the  wires  or  grounds  will  often  cause  the 
cells  to  run  down  rapidly.  Most  of  these  cells  will  recover 
to  a  certain  extent  if  allowed  to  stand  for  a  while  on  open 
circuit,  but  they  should  never  be  allowed  to  become  short- 
circuited  if  it  is  possible  to  avoid  it. 

The  cells  in  ordinary  use  on  bellwork  have  electrodes  of 
zinc  and  carbon  and  contain  a  solution  of  sal  ammoniac 
(ammonium    chloride).     Sometimes    they   also    contain    a 
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"depolarizing:'*  agent,  such  as  manganese  dioxide.  The 
efiEectiveness  of  a  carbon-zinc  cell  depends  largely  on  the 
materials  of  which  the  carbon  element  is  made  and  the  skill 
used  in  its  manufacture.  Burning  the  carbons  too  much  or 
too  little  in  the  process  of  manufacture  makes  them  inferior. 
Some  manufacturers  make  inferior  carbons  and  then  treat 
them  with  sulphuric  acid,  to  make  them  operate  with  vigor 
when  first  installed.  Such  cells  soon  become  polarized,  and 
in  the  course  of  a  few  weeks  or  months  are  very  inferior, 
not  because  of  the  acid  so  much  as  because  of  the  poor 
quality  of  the  carbon.  Dry  cells  are  very  convenient,  but  as 
a  rule  they  do  not  last  as  long  as  wet  cells.  Sometimes  they 
can  be  recharged  by  sending  a  current  through  them  in  a 
direction  opposite  to  that  in  which  they  furnish  current,  but 
such  recharging  does  not  last  long.  When  dry  cells  have 
run  down,  the  cheapest  and  most  satisfactory  way  in  the  end 
is  to  throw  them  away  and  get  new  ones.  Suitable  cells 
for  bell  operation  are:  Leclanch6,  Carbon  Cylinder,  Fuller 
Bichromate,  Dry  Cells,  Gordon,  and  Edison-Lalande.  The 
two  last  named  are  particularly  useful  on  circuits  where  the 
insulation  is  poor  and  where  there  is,  consequently,  consid- 
erable leakage,  as,  for  example,  on  signal  circuits  in  mines. 

37.  In  a  few  cases,  as  in  certain  burglar-alarm  sys- 
tems, the  circuit  is  normally  closed  and  the  opening  of  the 
circuit  interrupts  the  current.  In  these  systems,  the  battery 
must  be  capable  of  furnishing  current  steadily;  that  is, 
it  must  be  of  the  closed-circuit  type.  The  gravity  cell  is  a 
common  closed-circuit  type  and  is  well  adapted  for  work 
where  a  small  steady  current  is  desired;  in  fact,  gravity 
cells  will  get  out  of  order  if  allowed  to  stand  for  any 
great  length  of  time  on  open  circuit. 


OPERATING    BELLS    FROM    LIGHTING    CIRCXnT8 

38.  It  is  sometimes  convenient  to  operate  an  electric  bell 
from  an  incandescent  lighting  circuit.  This  may  be  done 
when  direct  current  is  used  to  operate  the  lamps,  but  if 
alternating  current  is  used,  an  ordinary  bell  will  work  very 
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poorly,  if  at  all.  Of  course,  it  is  necessary  to  use  a  resist- 
ance in  connection  with  the  bell  in  order  to  limit  the  current; 
the  amount  of  resistance  will  depend  on  the  kind  of  bell  used, 
because  some  require  much  more  current  than  others. 
Incandescent  lamps  make  a  cheap  and  convenient  form  of 
resistance;  Fig.  8  (a)  shows  a  bell  a  and  push  button  d  in 
series  with  four  lamps  /  across  a  110- volt  circuit.  This  is 
the  simplest  scheme  of  connection,  but  there  is  apt  to  be  bad 
sparking  at  the  contacts  on  the  bell,  because  the  voltage 
across  the  break  rises  to  110  volts  at  the  instant  the  circuit 


Pig.  8 

is  broken.  View  (b)  shows  the  bell  shunted  across  one  of 
the  lamps,  in  which  case  the  voltage  ^t  the  break  is  much 
smaller.  The  operation  of  bells  from  lighting  circuits  is  not 
to  be  recommended  and  it  will  not  be  allowed  by  the  Under- 
writers unless  the  whole  of  the  bell  wiring  is  installed  in 
accordance  with  the  wiring  requirements  for  lighting  circuits. 
Ordinary  bell  wiring  put  up  with  staples,  etc.  must  noi  be 
connected  to  any  source  of  pressure  ejcceeding  10  volts,  and 
it  would  be  decidedly  unsafe  to  connect  it  to  a  110- volt  circuit. 

39.  A  better  method  of  utilizing  the  lighting  current  for 
bell  operation  is  through  the  medium  of  storage  cells,  as 
shown  in  Fig.  9.  Two  sets  of  cells  a,d  are  connected  to 
double-pole  double-throw  switches,  as  indicated.  When  both 
switches  are  thrown  up,  both  sets  of  cells  are  charged  from  the 
lighting  circuit.  Normally,  one  set  of  cells  will  be  charging 
while  the  other  is  in  use,  as  indicated  by  the  position  of  the 
switches  in  the  figure.     Of  course,  if  the  bell  circuits  are 
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such  that  they  will  not  be  used  during  certain  hours  each 
day,  the  cells  can  be  charged  during  this  interval  and  only 
one  set  will  be  needed.  Storage  cells  are  somewhat  high 
in  first  cost  as  compared  with  ordinary  primary  cells,  but 
one  storage  cell  gives  about  twice  the  voltage  of  an  ordinary 
sal-ammoniac  cell,  so  that  only  half  as  many  are  required  for 


Pio.9 

a  given  voltage.  In  Fig.  9,  lamps  or  some  other  form  of 
resistance  must  be  connected  in  series  when  charging  the 
cells  in  order  to  limit  the  current.  By  using  storage  batteries, 
as  shown  in  Fig.  9,  the  bell  wiring  is  never  connected  to  the 
lighting  circuits  and  it  does  not  need  to  conform  to  the 
Underwriters'  requirements  for  light  or  power  wiring. 


ANNUNCIATORS 

40,  When  a  number  of  push  buttons  are  installed,  it 
is  convenient  to  have  an  indicating  device  to  show  from 
which  button  the  bell  is  rung.  This  instrument  is  called 
an  annunciator.  An  ordinary  house  style  is  shown  in 
Fig.  10.  On  the  face  are  rows  of  small  windows,  before  one 
of  which  an  indicator  appears  when  the  bell  rings,  showing 
from  which  room  the  signal  has  been  sent.    A  handle  h  at 
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the  side  is  intended  to  be  used  to  restore  the  indicators  to 
their  normal  position  when  the  call  is  answered.  A  view 
of  the  indicator  itself  is  given  in  Fig.  11.  A  hinged 
arm  a  carries  a  card  bear- 
ing the  name  or  number 
of  the  room  to  which  the 
drop  is  connected,  and 
is  held  up  in  the  posi- 
tion shown  by  a  counter- 
balanced trip  /  in  front 
of  an  electromagnet  m. 
As  soon  as  the  cmrent 
passes  through  the  elec- 
tromagnet, the  trip  is  at- 
tracted and  the  indicator 
falls,  being  then  visible 
from  the  outside  through 
one  of  the  openings  in 
the  front. 

41.  The  needle  an- 
nunciator, Fig.  12,  is  a 
style  much  used  in  hotels  ^'°*  *^ 

and  for  elevators.  The  current  on  passing  through  the  elec- 
tromagnet of  an  indicator  attracts  a  pivoted  iron  armature 
carrying  a  pointer  P  on  the  outside  dial,  causing  it  to  set  in 

an  oblique  position,  in  which  it 
is  held  by  a  catch  until  released 
by  pressing  the  knob  k  below 
the  case.  Annunciators  can  be 
obtained  in  almost  any  desired 
finish  and  for  any  number  of 
drops.  One  type  that  has  lately 
become  very  popular  is  the 
self -restoring  annunciator. 
^o- 11  In  the  ordinary  instrument,  the 

drops  must  always  be  put  back  after  a  call  comes  in;  some- 
times this  is  not  done,  and  consequently  one  is  at  a  loss  to 
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know,  when  several  are  down,  which  button  has  been  pushed. 
Self-restoring:  annunciators  are  constructed  so  that  when  a 
button  is  pushed  its  corresponding  drop  falls  and  remains 
down  until  the  next  call  is  sent  in.     This  operates  a  magnet 
that  moves  the  restoring  device  and  resets  the  first  drop. 
Self-restoring  annunciators  are  somewhat  more  liable  to  get 
out  of  order  than  the  simple  kind  and  some  of  them  require 
more  battery  power.      They  are,  however,  a  great  conve- 
nience, and  are  rapidly  finding  favor.     They  are  wired  up 
to  the  buttons  in  the  same  way  as  an  ordinary  annunciator, 
as  the  restoring  device  is  wholly  within  the 
annunciator  itself  and    therefore   does   not 
afiEect  the  outside  connections. 


RUNNING  BEIili  WIRE 

42,  There  are  no  regulations  governing 
the  insulation  used  on  bell  wire.  That  gen- 
erally used  is  known  as  annunciator  wire  and 
is  usually  No.  16  or  No.  18  B.  &  S.  copper- 
covered,  with  two  wrappings  of  cotton  treated 
with  paraffin.  This  wire  is  cheap,  but  it  is  not 
moisture-proof,  and  the  insulation  does  not 
adhere  very  firmly  to  the  wire.  However,  it 
will  work  satisfactorily  if  it  is  carefully  put 
up  and  is  run  in  a  dry  place.  For  good 
work,  weather-proof  office  wire  or  rubber-cov- 
Pio.  12  gj.g^  ^^,-j.g  should  be  used.    The  insulation  on 

the  weather-proof  wire  is  heavier  than  on  the  annunciator 
wire  and  adheres  firmly;  it  is  also  damp-proof.  If  it  is  neces- 
sary to  run  bell  wires  where  they  will  be  exposed  to  consider- 
able moisture,  the  best  plan  is  to  use  rubber-covered  wire. 

The  size  of  wire  used  is  generally  No.  16  or  No.  18  B.  &  S. 
It  will  pay  to  use  nothing  smaller  than  No.  16,  because  the 
cost  is  very  little  more,  the  line  resistance  is  thereby  reduced, 
the  batteries  work  to  better  advantage,  and  the  line  is  mechan- 
ically strongfer.  For  the  main-battery  wire  in  large  installa- 
tions. No.  14  may  be  used  to  advantage. 
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Bell  wires  are  often  stapled  to  woodwork,  especially  when 
bells  are  installed  in  old  houses.  If  any  stapling  is  done, 
care  should  be  exercised  not  to  drive  the  staples  so  hard  that 
they  cut  through  the  insulation  and  break  the  wire.  Do  not 
fasten  two  wires  down  under  the  same  bare  staple;  special 
staples,  using  a  small  saddle  of  leather  between  the  wire  and 
the  top  of  the  staple,  are  made  for  this  work.  When  bell 
wires  are  run  in  new  buildings,  they  may  usually  be  run 
through  holes  in  the  beams,  and  they  should  be  grouped 
together  as  much  as  possible.  By  doing  this,  the  wires  are 
run  in  an  orderly  manner  and  very  little  stapling  is  needed. 

In  the  best  class  of  work,  bell  wires  are  sometimes  run  in 
conduits,  but  no  matter  how  they  are  run,  all  circuits  should 
be  carefully  tested  out  after  they  are  put  up  to  make  sure 
that  there  are  no  grounds,  breaks,  or  crosses.  See  that 
all  bell  wires  are  kept  well  away  from  electric-light  wires 
and  that  no  push  buttons  are  mounted  in  the  same  wall 
plate  with  electric-light  switches. 


BBIili  AND  ANNUNCIATOR  CIRCUITS 

43.  Fig.  13  shows  a  number  of  connections  for  simple 
bell  circuits;  for  the  operation  of  such  circuits  two  or  three 
cells  will  usually  be  sufficient.  In  {a),  a  single  bell  is  oper- 
ated from  a  single  push  button;  (d)  shows  two  bells  operated 
in  parallel  from  a  single  button;  {c)  shows  two  bells  oper- 
ated in  series  from  a  single  button.  When  bells  are  operated 
in  series,  all  but  one  of  them  should  be  made  single  stroke 
so  that  the  interruption  of  the  current  will  be  performed  by 
one  bell  only;  otherwise,  the  bells  will  not  work  satisfactorily 
because  one  may  open  the  circuit  at  the  same  instant  that 
another  tries  to  close  it.  View  (d)  shows  one  bell  operated 
from  either  of  two  push  buttons.  Views  (e)  and  (/)  show 
two  arrangements  for  ringing  two  bells  from  any  one  of 
three  stations.  Fig.  14  •shows  a  plan  of  bell  wiring  suit- 
able for  a  small  dwelling  where  no  annunciator  is  used. 

Fig.  15  shows  a  method  of  controlling  a  bell  from  two 
stations  by  using  two  switches  a,  d.     The  bell  can  be  rung 
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from  either  station  independently  of  the  position  of  the 
switch  at  the  other  station.  Fig.  16  shows  a  method  of 
controlling  a  bell  from  three  stations.  It  is  the  same  as 
Fig.  15  except  that  a  four-point  switch  is  cut  in  for  the 
intermediate  station.  In  one  position,  points  i,2  and  3,4 
are  connected,  as  shown,  by  the  dotted  lines.  In  the  other 
position,  points  1,3  and  2,4  are  connected.  The  connec- 
tions shown  in  Figs.  15  and  16  correspond  to  those  used  for 
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the  control  of  incandescent  lamps  from  two  or  more  points 
and  by  adding  an  additional  four-point  switch  to  Fig.  16  for 
each  intermediate  station  the  plan  can  be  extended  to  any 
number  of  stations. 

Placing  bells  in  parallel  requires  a  larger  volume  of  cur- 
rent to  be  supplied  than  when  they  are  in  series,  because 
the  total  current  subdivides  among  all  the  bells.    This  calls 
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for  a  large  battery  and  large  wires.  When  the  branch 
circuit  containing  one  bell  is  very  much  longer,  and  hence 
of  higher  resistance  than  the  branch  containing  another  bell, 
the  current  will  not  divide  equally  between  the  two  bells, 
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and  hence  the  parallel  arrangement  may  not  be  satisfactory 
in  such  cases.  Placing  the  bells  in  series  requires  an  addi- 
tional cell  or  two,  but  no  larger  wire  is  needed. 


Pio.  16 


44,  wiping  for  Simple  Anniinciator. — ^A  wiring  dia- 
gram for  a  simple  annunciator  system  is  shown  in  Fig.  17. 
The  pushes  1,  2,  5,  etc.  are  located  at  convenient  points  in 
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Fig.  16 

the  various  rooms,  one  terminal  being  connected  to  the 
battery  wire  b  and  the  other  to  the  leading  wire  /  communi- 
cating with   the   annunciator  drop    corresponding  to   that 
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room.  The  battery  wire  is  run  from  one  pole  of  the  battery 
direct  to  one  side  of  each  of  the  pushes.  The  other  side  of 
each  push  is  then  connected  to  its  drop  on  the  annunciator. 
A  battery  of  three  or  four  Leclanch^  cells  is  placed  at  B  in 

any  convenient  location,  but 
should  not  be  set  in  a  dark 
or  inaccessible  spot  or  be 
exposed  to  frost. 
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45,    Wiring  for  Return- 
Call    Annunciator. — One 

of  the  many  methods  for 
connecting  return-call  annun- 
ciators is  shown  in  Fig.  18. 
It  requires  one  leading  wire 
from  each  station  to  the  an- 
nunciator and  two  battery 
conpections  to  each  station, 
as  indicated  by  the  branches  from  the  heavy  battery  wires. 
The  annunciator  board  is  divided  into  two  parts — the 
upper  part  having  the  bell  and  the  numbered  drops,  and 
the  lower  the  return-call  push  buttons.  Each  room  is  also 
provided  with  a  double-contact  push,  such  as  is  shown  in 
Fig.  19.  The  tongue  /  makes  connection  normally  with 
the  upper  contact  c,  but  when  pressure  is  put  on  the 
button  k  the  tongue  is  forced  against  the  lower  contact  d 
and  connection  with  the  upper  contact  is  broken.  The 
return-call  buttons  on  the  lower  part  of  the  annunciator  are 
of  the  same  description.  Assume,  in  Fig.  18,  that  the  button 
in  room  1  is  pressed;  current  can  then  flow  from  the  -f  side 
of  the  battery-annunciator  bell-drop  7-upper  contact  of  but- 
ton :Z'-tongue  of  button  i'^-negative  side  of  battery  by  way 
of  lower  contact  on  1"  since  this  button  is  supposed  to  be 
pressed  down.  This  rings  the  annunciator  bell  and  operates 
drop  1,  As  soon  as  1"  is  released,  the  tongue  makes  con- 
tact with  the  upper  point  as  indicated.  To  send  the 
return,  signal  button  on  the  annunciator  V  is  pressed,  thus 
allowing  current  to  flow  from  positive  side  of  battery-bell 
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i-tongfue  of  button  i^'-tongue  of  button  1^-negative  side 
of  battery,  since  button  1^  is  now  pressed  down.  It  will 
be  noticed  that  a  signal  sent  from  a  room  to   the  office 
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does  not  ring  the  bell  in  the  room  but  does  operate  the 
annunciator  bell  and  drop.  On  the  other  hand,  a  call  sent 
from  the  office  operates  the  bell  in  the  room  but  does  not 

operate  the  annunciator  bell 

or  drop. 

46,  Fig.  20  shows  another 
method  of  wiring  very  similar 
to  Fig.  18,  except  that  two 
sets  of  cells  are  used.     Bat- 

tery  A  furnishes  the  current 

^®-^^  for  sending  signals  from  the 

rooms  and  B  for  sending  signals  to  the  rooms.  The  batteries 
must  be  connected  with  their  polarities  as  shown,  so  that  in 
case  a  push  in  one  of  the  rooms  and  one  at  the  annunciator 
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should  happen  to  be  pressed  at  the  same  instant,  the  two 
sets  of  cells  would  oppose  each  other  and  would  not  cause 
all  the  drops  and  bells  to  operate.  This  scheme  of  connec- 
tions is  used  with  Holtzer-Cabot,  and  Partrick  Carter  and 
Williams  annunciators,  but  those  of  either  make  can  be  con- 
nected as  in  Fig.  18  if 
desired.  There  is  an 
advantage  in  having 
the  cells  separated  into 
two  groups  because  the 
sending  signals  in  a 
certain  installation  may 
be  more  frequent  than 
the  return  signals,  or 
vice  versa,  and  each 
set  of  cells  can  be  kept 
in  a  condition  suited  to 
the  work  it  has  to  do, 
independently  of  the 
other  set. 

47.  Fig.  21  shows 
a  third  method  of  wir- 
ing a  return-call  annun- 
ciator. Here,  there  are 
two  leading  wires  from 
each  station  to  the  of- 
fice and  only  one  bat- 
tery wire  is  required. 
Ordinary  push  buttons 
are  used.  On  account 
of  the  necessity  of  two 
leading  wires  for  each 
station  this  plan  would  in  most  cases  require  somewhat  more 
wire  than  that  shown  in  Figs.  18  or  20. 

48.  Wiringr  for  Speakingr-Tube  System. — Fig.  22 
shows  a  plan  of  wiring  frequently  used  in  connection  with 
speaking  tubes.    There  are  five  stations  with  a  bell  and  four 
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push  buttons  at  each.  Any  bell  other  than  the  one  at  the 
calling  station  can  be  rung  by  pressing  the  corresponding 
button,  and  the  bell  at  any  given  station  can  be  rung  from 
any  of  the  other  four  stations. 

49.     Bell  Wiring  for  Flats. — Fig.  23  shows  a  plan  of 
wiring  for  door  bells  in  flats.     Four  push  buttons  are  placed 

at  the  main-hall  entrance.  Each 
flat  is  also  provided  with  a  push 
button  at  its  front  door  and  a 
second  push  button  at  the  rear 
door.  The  rear-door  button 
operates  a  buzzer  so  that  a 
signal  from  it  can  be  dis- 
tinguished from  a  front-door 
signal. 

50.  Wiring  for  Fire- 
Alar  m  Gongs. — The  wiring 
shown  in  Fig.  24  is  suitable 
where  fire-alarm  gongs  are  in- 
stalled. All  the  gongs  ring 
when  an  alarm  is  sent  from  a 
station  and  an  annunciator  is 
placed  at  each  station  to  indi- 
cate the  point  from  which  the 
alarm  was  sent  in.  If  the 
switch  at  station  5,  for  ex- 
ample, is  closed,  all  three 
gongs  will  ring  and  drop  S  on 
-  ^_^  .  ,  t  .  each  annunciator  will  indicate 
I  the  point  from  which  the  alarm 

+i'|'|l-  is  sent.     The  dotted  lines  indi- 

cate another  method  of  install- 
If  connections  «,  a^  a  are  omitted,  bat- 
teries h,  b,  h  placed  at  each  station,  and  the  main  battery 
replaced  by  connection  Cy  the  system  as  a  whole  will  be 
more  reliable  than  if  a  single  battery  were  used,  because 
if  one  of  the  batteries  fails  it  only  cuts  out  of  action  the 


Fig.  23 

ing   the   battery. 
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correspondins:  bell  and  annunciator  and  the  others  continue 
to  operate. 

51*  In  installing:  annunciator  systems,  it  is  usual  to  run 
the  battery  wire,  which  is  No.  14  or  No.  16  annunciator  wire, 
through  the  building  at  some  central  portion.  If  there  are 
many  rooms,  it  will  be  advisable  to  splice  on  a  length  of 
No.  18  wire  to  extend  from  the  push  in  each  room  to  the 
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battery  wire.  The  connection  from  the  other  side  of  the 
push  button  to  the  annunciator,  that  is,  the  leading  wire, 
should  be  No.  18.  For  the  return-call  system,  a  battery  of 
four  or  five  Leclanch^  cells  is  required. 

All  wires  used  in  annunciator  service  should  have  dis- 
tinguishing colors  to  prevent  confusion.  The  battery  wire 
may  be  blue,  the  return  wire  red,  and  the  leading  wires 

46B— 32 
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white.     This  arrangement  will  greatly  simplify  the  comiec- 
tions  and  reduce  the  liability  of  mistake. 

52*     Wiring  for  BleTatop  Annunciator. — The  wiring 

for  an  elevator  annunciator  does  not  differ  greatly  from  that 

of  a  simple  annunciator;  in  fact,  the  scheme  of  connections 

is  essentially  the  same.     A  battery  wire  ^,  Fig.  25,  is  run  up 

the  shaft  and  connected  to  each  push  button  on  the  different 

floors.     The  return  wires  from  each  button  are  then  carried 

to  a  point  a  at  the  middle  of  the  shaft, 

where  they  should  terminate  in  a  small 

connection  board,   so  that  they  may  be 

readily  disconnected  from  the  wires  in  the 

cable  running  to  the  cage  e.     The  wires 

running   from    the   connection   board  to 

the  cage  are  in  the  form  of   a  flexible 

cable,  which  is  made  especially  for  this 

kind  of  work.      This  cable  contains  one 

more  wire  than  there  are  push  buttons, 

because  it  has  to  provide  for  the  return 

wire  r.  

SPECIAI-   APPIilANCES 

53.     The  Automatic   Drop. — For 

special  alarm  purposes,  it  is  sometimes 

desirable  that  the  bell  should  continue  to 

ring  after  the  push  is  released.     This  is 

accomplished  by  the  use  of  an  automatic 

drop,  which  closes  an  extra,  or  shunt, 

circuit  as  soon  as  a  current  passes  along 

the    main    circuit.     Fig.    26    shows    two 

Pio.25  views   of    an   automatic    drop,  A   being 

a  side  elevation  and  B  a  front  view  with  the  cover  removed. 

There  are  three  terminals  on  the  baseboard;  those  marked  a 

and  b  are  connected   to  the   ends  of  the  magnet  coil,  the 

end  at  b  being  also  connected  to   the  frame  /;  terminal  c 

makes  connection  to  the  spring  contact  d^  which  is  insulated 

from  the  frame  and  all  other  wires.      The  bell  circuit  is 
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closed  first  through  a-b  by  means  of  the  push  button;  the 
armature  e  is  at  once  attracted,  thereby  releasing  the  rod 
piece  gy  which  falls  by  gravity  and  makes  contact  with  the 
spring  fl?,  establishing  a  circuit  between  b  and  c,  which  short- 
circuits  the  push  button  and  magnet  coil  of  the  drop. 
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Pio.26 

54.  The  connections  for  the  automatic  drop  are  shown 
in  Fig.  27.  The  circuit  obtained,  on  pressing  the  push  but- 
ton py  is  from  the  positive  pole  of  the  baittery  B  through 
the  push  to  the  terminal  a  of  the  drop,  through  the  magnet 

coils  to  b,  and  then  through 
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the  bell  to  the  negative 
pole  of  the  battery.  As 
soon  as  d  falls,  the  magnet 
coils  are  cut  out,  the  cur- 
rent being  diverted  at  e, 
and  passes  by  way  of  the 
new  contact  from  c  to  ^, 
and  thence  through  the  bell 
and  back  to  the  battery. 

Vibrating  bells  are 
sometimes  made  with  a 
continuous  ringing  attach- 
ment that  takes  the  place  of  the  automatic  drop.  A  small 
lever  is  mounted  near  the  armature  of  the  bell  so  that  when 
the  armature  is  attracted  the  lever  is  released  by  the  move- 
ment of   the  armature   and   drops   down,   thus  completing 
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the  shunt  circuit  around  the  push  button  and  allowing:  the 
bell  to  ring:  until  the  small  lever  has  been  restored  to  its 
normal  position. 

55.  Two-Point  Switcli. — When  two  bells  are  arranged 
to  ring  from  one  push  button,  it  is  sometimes  desirable  to 
cut  one  of  them  out  during  some  part  of  the  day.  For 
this  purpose  a  small  switch,  Fig.  28,  is  used,  by  means  of 

which  one  bell,  when  connected 
in  series  with  the  other,  may 
be  short-circuited.  The  wires 
are  run  to  the  back  of  the 
switch,  one  connection  being 
to  the  lever  arm  at  a,  the  other 
to  the  contact  piece  b. 

56.     Door  Openers. — In 

i^o-28  apartment  houses,  banks,  and 

other  places  it  is  often  convenient  to  have  the  latch  on  a 
door  arranged  so  that  the  door  may  be  unlocked  from  some 
distant  point.  For  this  purpose  door  openers  are  used. 
These  are  made  in  a  number  of  different  styles,  the  mecha- 
nism differing  with  the  different  makes.  In  all  of  them, 
however,  the  unlocking  is  effected  by  means  of  an  electro- 
magnet, which  is  connected  to  the  push  and  battery  in 
the  same  way  as  an  ordinary  bell. 


BURGIiAB  AliARMS 

57.  Automatic  switches  may  be  placed  on  windows  and 
doors,  in  connection  with  alarm  bells,  to  indicate  when 
entrance  into  a  building  is  being  forced.  There  are  three 
methods  of  installing  these  alarms — the  open-circuit,  the 
closed-circuit,  and  the  combined  open-and-closed  circuit 
systems.  In  the  open-circuit  system,  which  is  the  one 
usually  employed,  the  connections  are  similar  to  those  of  an 
ordinary  electric-bell  circuit,  the  automatic  circuit-closing 
device  being  substituted  for  the  push  button.  There  are 
many  different  kinds  of  window  springs  made,  one  of  which 
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is  shown  in  Fig.  29.     This  is  let  into  the  window  frame,  the 
cam  c  alone  projecting;  when  the  window  is  raised,  the  cam 
is  pressed  in,  revolving  about  the  pin  p,  and  makes  contact 
with  the  spring  5,  which  is  insulated  from  the  plate  by  a 
washer  at  the  lower  end  and  is  normally  prevented  from 
touching  the  cam  by  an  insulating  wheel  a/.     The  wires  from 
the  bell  and  battery  are  connected  to  the  plate  and  spring, 
respectively.     The  annunciator  used  is  much  the  same  as 
that  employed  for  bellwork,  but  additional  convenient  attach- 
ments are  usually  placed  on  it,  such  as  a  device  to 
keep  the   bell   ringing   until   the   annunciator   is 
reset,  a  clock  to  connect  and  disconnect  the  system 
at  certain  hours,  etc.     The  annunciator  is  usually 
equipped  with  a   smali   button   over   each  drop, 
which  when  pushed  will  complete  the  circuit  and 
cause  the  drop  to  fall  if  there  happens  to  be  any 
door  or  window  open.     These  are  very  useful  for 
testing  out  to  see  if   everything  is  closed.     All 
these  appliances  belong  to  the  annunciator  itself 
and  do  not  affect  the  general  plan  of  wiring,  which 
is  carried  out  in  the  same  way  as  for  bell  wiring. 

58#     Open-Circuit   System. — In    Fig.   30  is 
shown  an  ordinary  annunciator,  arranged  to  be 
used  as  a  burglar  alarm.     During  the  day,  when 
not  in  use,  the  switch  s  is  placed  on  the  inter- 
mediate, or  open  position,  as  shown.     When  clo- 
sing the  alarm  for  the  night,  a  silent  test  is  made 
by  placing  s  first  upon  contact  a,  and  closing  the        i^o-29 
individual  circuit  switches  ^,,  ^„  one  at  a  time;  if  any  window 
or  door  on  a  circuit  is  open,  the  annunciator  included  in  that 
circuit  will  allow  its  shutter  to  fall,  but  the  bell  will  not  ring. 
After  all  the  windows,  doors,  and  individual  switches  are 
closed,  the  switch  s  is  placed  upon  contact  c.     If,  during  the 
night,  any  window  or  door,  for  instance  in  the  hall,  is  opened, 
one  of  the  contacts  e,  e  in  the  hall  circuit  will  be  closed,  and  a 
current  flowing  through  line  1  will  cause  the  shutter  of  the 
annunciator  a,  to  fall  and  the  bell  v  to  ring.      With  some 
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annunciators,  the  bell  is  arranged  to  ring  continuously  when 
once  it  is  started.  This  may  be  done  in  various  ways,  one 
of  which  is  indicated  by  the  dotted  lines  in  the  figure, 
whereby  a  circuit  through  the  bell  z/,  resistance  r,  and 
battery   B  is   closed   when   any   shutter  drops. 
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69*  Closed-Circuit  System. — In  Fig.  31  is  shown  a 
closed-circuit  burglar-alarm  system,  so  called  because  current 
normally  flows  through  the  various  circuits,  and  the  bell 
only  rings  when  the  circuit  is  opened.  The  current  that 
flows    normally    through    the    various    circuits    from    the 


Fig.  81 

battery  B,  energizes  the  relays  r„r,  and  keeps  the  local 
bell  circuit  open.  Should  the  circuit  be  opened  by  opening 
a  door  or  window  or  by  breaking  a  wire,  as  at  ^,,  the  relay  r% 
will  release  its  armature  and  thereby  allow  current  from  the 
local  battery  LB  to  ring  the  bell  v,  which  will  not  stop  until 
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the  switch  A,  is  opened,  the  relay  circuit  closed,  or  the 
battery  LB  gives  out.  In  this  system,  the  main  battery  B 
must  be  of  the  closed-circuit  type  because  it  has  to  furnish  a 
small  current  continuously. 

60.  Open  and  Closed  Circuit  System. — Where  a 
system  is  desired  to  give  an  alarm,  whether  the  circuit  is 
opened  or  closed  at  a  window  or  door,  or  the  wires  broken 
or  crossed  at  any  point,  the  arrangement  shown  in  Fig.  32 
may  be  used.  Two  line  wires  are  necessary;  in  line  N  are 
connected  springs  c.CyC  normally  closed,  and  between  this 
wire  and  line  M  are  connected  springs  ^,  o^  o  normally  open. 
If  the  circuits  are  in  good  order,  the  alarm  is  set  for  the 
night  by  closing  switch  w  and  pushing  the  armature  of  the 


L/neM 


relay  r  against  the  stop  d,  where  it  will  be  held  by  the  cur- 
rent that  flows  from  B  through  /-/-</-r-line  N.  If  the  line  N 
is  opened  at  any  spring  c  or  broken  at  any  point,  r  will 
release  its  armature  and  current  from  battery  B,^  will  ring  the 
bell  V  until  w  is  opened.  If  any  spring  o  is  closed,  current 
flowing  through  w-v-Xxn^  M-Siny  spring  o-line  A^-battery 
^-battery  Bx  will  ring  the  bell.  In  this  case,  the  two  bat- 
teries are  in  series  and  must,  therefore,  be  connected  relatively 
as  shown.  The  bell  will  also  ring  if  lines  Af  and  N  become 
crossed  at  any  point.  The  dotted  line  is  not  necessary,  but 
with  it  the  system  affords  still  better  protection  against 
tampering  with  the  wires,  for,  if  line  M  is  broken  anywhere, 
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either  part  into  which  it  has  thus  been  divided  is  still  capable 
of  sending  in  an  alarm  if  crossed  with  line  N  at  any  point*. 

It  is  usual  when  connecting  up  burglar-alarm  annunciators 
to  group  the  windows  or  doors;  i.  e.,  the  contacts  on  several 
doors  or  windows  are  connected  in  parallel  and  attached  to 
one  drop.  To  provide  a  drop  for  each  door  and  window 
would  require  too  lal-ge  an  annunciator  and  would  cost  too 
much  for  the  ordinary  run  of  work. 


ELECTRIC  GAS  LIGHTING 


BURNERS  FOR  PARAIiliEIi  SYSTEM 

61,  In  the  application  of  electricity  to  gas  lighting,  a 
spark  is  caused  to  pass  between  two  conductors,  placed  near 
the  burner,  at  the  same  time  that  the  gas  is  turned  on.     In 

the  parallel  system  of  lighting, 
each  burner  is  independent  of  all 
the  others,  having  direct  con- 
nection between  the  battery  wire 
and  ground.  Three  styles  of 
burner  are  used — the  pendant, 
the  ratchet,  and  the  automatic 
burner. 

62.     The  i>endant  burner 

is  shown  in  Fig.  33.  A  well- 
insulated  wire  is  brought  to  the 
burner  and  secured  under  the 
head  of  the  screw  s,  thereby 
making  connection  to  the  sta- 
tionary contact  piece  c,  which  is 
fastened  by  a  screw  /  to  frame  / 
and  insulated  from  it  by  wash- 
ers w.  On  pulling  pendant  r 
^®®  downwards,  spring  a  is  drawn 

across  c,  and,  on  passing  off  at  the  upper  side,  the  break  causes 
a  spark  that,  when  the  gas  has  been  turned  on,  will  ignite  it. 


Digitized  by 


Google 


§45  INTERIOR  WIRING  46 

63,  The  ratchet  burner  is  very  similar  to  the  plain 
pendant,  but  is  provided  with  a  ratchet  and  pawl  operated 
by  a  pendant,  a  downward  pull  turning  on  the  gas  at  the 
same  time  that  the  spark  is  produced.  A  second  pull  extin- 
guishes the  gas. 

64.  The  automatic  burner  is  shown  in  Fig.  34  with 
the  cover  removed.  .  Two  wires  must  be  provided,  running 
from  a  double  push  button,  one  of  them  leading  to  the  wire  a 
and  the  other  to  b.  The  circuit  from  a  is  through  the  left- 
hand  magnet  coil  c  to  the 

insulated  band  d,  which  has 
a  projection  ^  at  one  side. 
Upon  this  rests  a  metal 
rod  r,  bent  at  the  upper 
end  and  terminating  in  a 
contact  piece;  at  the  lower 
end  the  rod  is  grounded 
by  connection  with  the 
frame  /.  Each  magnet  coil 
has  an  armature  g  or  g* 
with  a  projecting  finger  on 
the  inner  side.  When  cur- 
rent is  sent  through  the 
magnet  c,  the  armature  g 
is  raised  and  turns. the  gas 
valve  V  by  striking  one 
of  the  pins.     At  the  same 

Pig   34 

time  the  rod  r  is  pushed 

up,  thus  breaking  the  circuit  at  a  point  where  the  gas  is 
escaping  and  producing  a  spark  that  will  ignite  it.  To 
provide  for  certain  action,  the  sparking  should  continue 
longer  than  the  instant  of  turning  on  the  gas;  this  is  effected 
by  the  use  of  a  spring  to  restore  the  circuit.  The  rod  is 
forced  upwards  against  the  spring  s,  but  when  the  circuit 
is  opened  at  the  spark  gap,  the  spring  presses  the  rod  and 
armature  down  again,  and  the  circuit  being  thereby  closed, 
a  spark  is  again  produced  on  opening.     This  continues  as 
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long  as  the  push  button  is  pressed,  the  action  being  similar 
to  that  of  an  electric  bell.  The  second  coil  h  is  grounded  at 
the  inner  end,  and  when  a  current  is  sent  through,  the 
armature  g^  is  raised,  turning  the  valve  and  cutting  oflE  the 
supply  of  gas.  Automatic  burners  are  convenient  where  it 
is  wished  to  light  or  extinguish  a  gas  jet  from  some  distant 
point,  but  they  are  not  very  safe  because  of  their  liability  to 
leak  gas.  They  are  used  principally  in  hallways  where  it  is 
desired  to  light  or  extinguish  the  gas  from  any  floor. 


ARRANGEMENT  OF  lilGHTING  APPARATUS 

65.  To  light  gas  by  electricity,  a  spark  of  considerable 
intensity  must  be  produced.  This  can  be  done  by  means 
of  batteries  and  induction  coils  or  by  an  electrostatic  dis- 
charger. For  the  parallel  system 
used  with  the  burners  just  described, 
a  spark  coil  is  employed  to  supply 
a  good  spark.  Fig.  35  shows  an 
ordinary  spark  coil  which  is  made  up 
of  an  iron  core  about  \  inch  in  diameter  and  8  inches  long, 
built  up  out  of  soft-iron  wire  and  wound  with  five  or  six 
layers  of  No.  18  magnet  wire.    The  coil  k  is  connected  in 
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series  with  the  cells  r,  as  indicated  in  Fig.  36.  The  battery 
should  have  at  least  six  cells  for  satisfactory  service.  One 
end  of  the  coil  is  connected  to  the  gas  pipe  p.     When  the 


Digitized  by 


Google 


§45 


INTERIOR  WIRING 


47 


pendant  is  pulled,  the  tip  makes  contact  and  a  current  is 
established  through  the  circuit.  When  the  circuit  is  broken, 
the  self-induction  of  coil  k  causes  a  bright  spark  at  the 
break.  In  case  a  groimd  occurred  on  the  wiring,  there  would 
be  a  steady  flow  of  current  from  the  battery  which  would 
soon  run  it  down.  To  give  notice  of  such  current  leakage, 
the  spark  coil  can  be  provided  with  an  armature  d  that  will 
be  attracted  hi  a  steady  flow  of  current  in  k  and  thus  allow 
current  from  the  local  battery  e  to  flow  through  bell  /,  giving 
a  signal.  Th5  momentary  current  that  flows  in  k  whenever 
a  burner  is  lighted  would  not  usually  flow  long  enough  to 
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attract  d.  In  more  expensive  installations,  separate  wires 
are  run  for  both  sides  of  the  circuit  and  the  gas  pipe  is  not 
used  as  one  side. 

66.  The  wires  are  usually  run  on  the  outside  of  the  gas 
fixtures,  but  they  may  be  concealed,  if  there  is  sufficient 
room,  between  the  fixture  shells  and  the  gas  pipe.'  It  is 
advisable  to  use  wire  provided  with  good  insulation,  for 
grounds  on  the  fixtures  are  liable  to  occur.  Where  fixtures 
are  wired  on  the  outside,  the  wires  should  be  painted  or 
made  with  the  proper  colored  insulation,  so  as  not  to  show; 
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but  they  must  not  be  painted  with  bronze  or  metallic  paint, 
which  would  penetrate  the  insulation  and  dause  STOunds, 
unless  rubber-covered  wire  were  used. 

67.  To  make  the  location  of  grrounds  easy,  it  is  advis- 
able to  run  separate  wires  from  a  distributing  point  near  the 
battery  to  each  fixture  or  group  of  fixtures.  The  wires  can 
be  connected  together  at  that  point  by  means  of  a  connecting 
board,  at  which  any  fixture  can  be  disconnected.  This 
makes  the  location  and  removal  of  grounds  an  easy  matter. 
Fig.  37  shows  the  general  arrangement  of  a  system  using 
both  plain  pendant  and  automatic  burners.  The  distributing 
board  is  shown  at  D.  The  automatic  burner  is  provided 
with  a  double  push  button  c.  When  the  dark  button  is 
pressed,  the  light  is  extinguished;  when  the  light  button 
is  pushed,  the  gas  is  turned  on  and  lighted. 

The  Underwriters*  rules  now  prohibit  the  use  of  electric 
gas  lighting  on  combination  fixtures  that  are  also  equipped 
with  electric  light.  There  is  too  much  danger  of  the  gas- 
lighting  wiring  coming  in  contact  with  the  electric-light 
wiring.  Moreover,  where  there  is  electric  light  on  a  fixture 
there  is  little  need  for  electric  gas  lighting  because  at  best, 
the  only  excuse  for  electric  gas  lighting  is  that  it  makes  gas 
nearly  as  convenient  as  electric  light  so  far  as  turning  the 
light  on  and  oflE  is  concerned.  Electric  light  has  now 
replaced  gas  to  such  an  extent  in  hotels,  theaters,  churches, 
and  other  public  places,  to  say  nothing  of  private  houses, 
that  electric  gas  lighting  appliances  are  going  out  of  use. 
These  outfits  are  a  continual  source  of  annoyance,  unless 
they  are  kept  in  good  condition  and  they  are  specially 
liable  to  get  out  of  order  in  private  houses  where  they 
are  not,  as  a  rule,  properly  attended  to. 
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APPARATUS  FOR  SERIES  lilGHTING  SYSTEM 

68.     The  series,  or  flasli,  system  of  gas  lighting  is 
used  in  large  halls,  churches,  theaters,,  etc.,  where  many 
lights  are  installed  in  groups.     A  fixed  spark  gap  is  used  at 
each  burner,  both  of  the  points  being  insulated  from  each 
other  and  from  the  gas  pipe,  except  the  last  point  of  a 
series,  which  is  grounded.      The  style  of  burner  used  is 
shown  in  Fig.  38,  in  which  a  and  b  are 
the  points  of  the  spark  gap.     To  com- 
plete the  connection  between  consecu- 
tive burners,  a  fine  bare  copper  wire, 
about  No.  26  gauge,  is  stretched  across, 
being  secured  through  the  small  holes 
at  the  lower  ends  of  the  strips  a,  b.    The 
body  of  the  burner  is  made  of  some 
insulating  substance,   and  a  flange  of 
mica  m  is  added  to  give  further  protec- 
tion.    Since  one  circuit  may  consist  of  a  number  of  burners, 
it  will  be  seen  that  the  E.  M.  F.  must  be  very  high  to  force  a 
current  across  so  much  air  space,  and  to  insure  success,  the 
wiring  must  be  installed  with  the  greatest  precaution.     The 
wire  should  nowhere  be  nearer  to  the  gas  pipe  than  iHnches; 
if,  however,  it  is  necessary  to  approach  more  closely,  the  wire 
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should  be  enclosed  in  glass  tubing.     A  coil  giving  a  1-inch 
spark  can  light  a  circuit  of  about  14  or  15  burners. 

The  apparatus  required  for  this  system  of  gas  lighting 
consists  of  an  induction  <:oil  /,  Fig.  39,  operated  by  a  bat- 
tery B  and  used  with  a  condenser  c  across  the  spark  gap  of 
the  primary/.     The  condenser  cuts  down  the  spark  at  the 
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circuit-breaker,  for  this  spark  would  be  very  destructive  in 
the   case   of  a   large  coil.      The    fine-wire  secondary   s  is 

grounded  at  G,  and  the  other  ter- 
minal is  connected  to  the  line 
wire  passing  to  the  burners. 

69.     Frictional  macliiiies 

are  also  used  in  the  series  light- 
ing system.  These  generate 
static  electricity,  and  in  many 
cases  are  more  reliable  than  in- 
duction coils,  as  there  is  no  bat- 
tery to  get  out  of  order.  One 
form  of  this  machine  is  shown  in 
Fig.  40.  One  of  the  terminals  / 
is  to  be  connected  to  the  switch 
handle  s  and  the  other  ^  to 
ground.  The  machine  is  rotated 
^*^'^  by  means  of   the  handle  A,  and 

the  switch  is  moved  from  one  contact  to  the  next,  lighting 
the  gas  on  each  circuit  I,  2,  5,  4  in  rapid  succession. 
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DEVICES 


LUMINOUS  EFFICIENCY 

!•  Electric  lamps  are  devices  for  transforming  elec- 
tric energy  into  light.  Most  arc  and  incandescent  lamps, 
however,  radiate  as  light  only  a  very  small  proportion  of  the 
energy  supplied  them;  a  large  part  of  the  energy  is  radiated 
as  heat.  Any  source  of  light  may  be  considered  as  giving  out 
two  kinds  of  radiation — luminous  and  obscure.  The  radiated 
energy  sets  up  vibrations  in  the  ether,  and  those  vibrations 
which  have  a  wave  length  lying  between  certain  limits  are 
capable  of  affecting  the  eye  and  producing  the  sensation 
known  as  light.  All  vibrations  lying  above  or  below  these 
limits  are  useless  so  far  as  producing  light  is  concerned. 
If  A  is  called  the  total  radiation  from  a  light-giving  source, 
B  the  amount  of  luminous  radiation,  and  C  the  non-luminous, 

or  obscure,  radiation,  then  A  =^  B  '\-  C^  and  the  ratio  —  is 

A 

the  optical,  or  luminous,  efficiency  of  the  light-giving 
source,  because  it  is  the  ratio  of  the  radiation  that  is  useful 
in  producing  light  to  the  total  radiation.  The  efficiency  of 
ordinary  light-giving  sources,  as  measured  by  this  standard, 
is  very  low.  For  example,  the  luminous  efficiency  of  ordi- 
nary incandescent  lamps  is  only  a  fraction  of  1  per  cent,  and 
that  of  the  best  arc  lamps  less  than  10  per  cent. 

There  is  room  for  a  great  deal  of  improvement  in  the 
efficiency  of  light-giving  sources,  and  efforts  to  effect  such 
improvement  have  been  made  largely  with  a  view  to  finding 
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an  illuminant  in  which  a  higher  temperature  can  be  attained 
without  injury  to  the  material  used.  Generally,  the  higher 
the  temperature  of  a  light-giving  source  the  higher  is  its 
luminous  efficiency.  All  substances,  however,  do  not  have 
the  same  luminous  efficiencies  at  equal  temperatures;  a 
lustrous,  metallic  surface  radiates  as  light  a  larger  propor- 
tion of  its  total  radiated  energy  at  a  given  luminous  tem- 
perature than  does  a  black  surface,  such  as  carbon,  at  the 
same  temperature.  

INCANDESCENT  LAMPS 


METAIililZED-FILiAMENT  LAMPS 

2.  The  first  incandescent  lamps  made  were  very  crude 
indeed  compared  to  those  now  in  use.  The  principle  on 
which  the  lamps  operate — namely,  the  heating  to  incandes- 
cence of  a  body  in  a  vacuum  by  passing  an  electric  current 
through  it — has  not  changed,  but  there  have  been  many 
improvements  in  the  processes  of  manufacture,  especially  in 
the  method  of  producing  the  vacuum  and  in  the  methods 
of  making  the  bodies,  or  filaments,  to  be  heated.  Better 
materials  from  which  to  make  the  filaments  have  been  found, 
so  that  while  the  first  lamps  consumed  a  great  deal  of  energy 
and  gave  off  but  little  light,  later  ones  have  greatly  reduced 
the  energy  consumption  and  increased  the  light  output. 

The  ordinary  carbon-filament  incandescent  lamps  usually 
consume,  when  new,  from  3.1  to  3.5  watts  for  each  candle- 
power  given  off.  If  a  larger  current  were  forced  through  the 
filaments  by  increasing  the  pressure,  the  candlepower  would 
increase  much  more  than  the  consumption  of  energy;  that  is, 
the  efficiency  of  the  lamps  would  be  increased.  These  lamps, 
however,  are  soon  destroyed  if  run  at  too  high  temperature. 

3.  Preparation  of  Metallized  Filaments. — Ordinary 
carbon  filaments  are  made  by  squirting  a  solution  of  cellulose 
through  a  die  and  letting  it  fall  in  fine  threads  into  wood 
alcohol,  which  hardens  the  cellulose.  The  fibers  are  then 
dried,  shaped  into  the  desired  form  for  the  lamp,  placed  in  a 


Digitized  by 


Google 


§55    MODERN  ELECTRIC-LIGHTING  DEVICES        8 

muffle,  and  heated  to  the  highest  temperature  attainable  with 
a  g:as  flame.  They  are  thereby  carbonized  and  are  then 
known  as  bcLse  filaments.  After  being  prepared  in  this  man- 
ner, they  are  hung  in  a  chamber,  from  which  the  air  is 
exhausted  and  a  thin  vapor  of  gasoline  substituted,  and  are 
heated  to  incandescence  by  passing  an  electric  current 
through  them.  A  dense  layer  of  carbon  from  the  decom- 
posing gasoline  vapor  forms  on  the  filament.  This  process 
is  called  treatingy  or  flashing,  the  filaments,  after  which  they 
are  ready  for  mounting  in  the  lamps. 

Although  heating  carbon  filaments  to  a  high  temperature 
by  passing  a  current  through  them  injures  or  destroys  them, 
it  has  been  found  that  subjecting  them  to  an  excessively  high 
temperature  by  the  application  of  heat  from  an  outside  source 
causes  them  to  undergo  a  change  that  greatly  improves  their 
characteristics  for  lamp  filaments.  In  the  new  process,  the 
filaments,  in  their  basic  form,  are  packed  in  a  cylindrical 
carbon  box,  which  is  fed  into  the  end  of  a  carbon  tube.  To 
the  ends  of  the  tube  are  attached  water-cooled  copper  clamps, 
by  way  of  which  a  large  electric  current  is  sent  through  the 
tube  after  it  has  been  buried  in  powdered  carbon.  The 
passage  of  the  current  through  the  resistance  of  the  carbon 
tube  raises  the  temperature  inside  the  tube  to  between  3,000° 
and  3,700°  C.  The  carbon  tube  as  thus  used  is  a  form  of 
electric-resistance  furnace.  After  the  filaments  have  been  fired 
in  this  manner  for  a  short  time,  they  are  cooled,  treated  in 
gasoline  vapor,  and  again  fired  in  the  electric  furnace.  This 
process  leaves  the  filaments  covered  with  a  shell  of  lustrous, 
steel-gray  elastic  carbon  in  an  almost  pure  graphite  form,  and 
they  are  then  ready  for  use  in  the  lamps. 

4.  The  ordinary  carbon  filament  has  a  negative  tempera- 
ture coefficient;  that  is,  its  resistance  decreases  as  its  tem- 
perature increases,  thus  making  it  very  sensitive  to  changes 
of  voltage.  Filaments  that  have  been  subjected  to  the  intense 
heat  of  the  electric  furnace,  as  just  described,  have  a  positive 
temperature  coefficient.  The  new  filament  also  has  a  lower 
resistance  than  the  older  carbon  filaments;  in  fact,  when  the 
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filaments  are  finally  removed  from  the  electric  furnace  their 
characteristics  resemble  more  nearly  those  of  metal  than  of 
carbon,  hence  the  name  metallized  filament.  The  word 
graphiiizedy  also  sometimes  used,  more  nearly  describes  the 
actual  condition. 

Metallized-filament  incandescent  lamps  have  the  same  gen- 
eral appearance  as  the  ordinary  incandescent  lamp,  except 
that  they  are  made  only  in  the  larger  sizes  and  some  of  the 
bulbs  are  tipless.  The  standard  sizes  consume  50,  100,  125, 
187,  and  250  watts,  respectively,  and  give  off  approximately 
1  candlepower  for  each  2.5  watts  consumed.  By  the  use  of 
suitable,  reflectors  the  light  can  be  thrown  in  any  desired 
direction,  so  that  the  concentrated  candlepower  is  much 
greater  than  1  for  each  2.5  watts. 

5.  Operation  of  Lamps. — The  metallized  filaments 
can  be  operated  at  a  much  higher  temperature  than  the 
ordinary  carbon  filaments;  they  have  also  a  more  lustrous 
surface,  offering  better  properties  for  radiating  light.  They 
can  therefore  be  operated  at  a  higher  efficiency  and  can  also 
be  made  to  produce  a  whiter  light,  more  nearly  resembling 
sunlight.  In  spite  of  the  higher  efficiency,  these  lamps  have 
a  length  of  useful  life  about  the  same  as  that  of  the  ordinary 
carbon-filament  3.1-watt  lamp.  Because  of  the  lower  resist- 
ance of  the  filament,  lamps  with  metallized  filaments  are 
not  at  present  made  in  as  small  units  for  standard  voltages 
as  are  those  having  the  ordinary  carbon  filaments. 

6.  The  difference  in  the  color  of  light  given  off  by  ordi- 
nary carbon  filaments  when  burning  under  various  conditions 
is  approximately  as  follows: 

^  -  Watts  per 

Color  of  Light  Candlepower 

Clear  white 1.5 

White,  very  faintly  tinged  with  yellow  .    .    2  to  2.5 

Yellowish   white 3 

Yellowish 3.5 

Yellowish,  tinged  with  orange 4 

Orange  yellow 4.5 

Distinctly  orange  red 5 
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The  clear  white  light,  which  most  nearly  resembles  smi- 
light,  is  the  most  desirable;  hence,  the  advantage  of  opera- 
ting at  high  efficiency  is  twofold — increased  economy  and 
better  light. 

7.  The  objection  to  operating  lamps  with  ordinary  carbon 
filaments  at  a  consumption  per  candlepower  of  less  than 
from  3  to  3.5  watts  may  be  seen  from  the  following  data 
of  a  16-candlepower  carbon-filament  lamp.  The  figures  in 
the  first  line  are  the  watts  per  candlepower  and  those  beneath, 
the  corresponding  useful  life  in  hours.  The  less  the  con- 
sumption per  candlepower  the  shorter  the  life. 

2.0    2.5     3.0       3.5        4.0        4.5         5.0 
28     132    412     1,000    2.005    3,570    6,125 

8.  The  economy  in  using  the  higher  efficiency  metallized- 
filament  lamps  may  be  readily  estimated.  A  3.1-watt 
16-candlepower  carbon-filament  lamp  consumes  in  a  useful 
life  of  500  hours  3.1  X  16  X  500  =  24,800  watt-hours,  or 
24.8  kilowatt-hours.  A  2.5-watt  16-candlepower  metallized- 
filament  lamp  consumes  in  the  same  time  2.5  X  16 
X  500  =  20,000  watt-hours,  or  20  kilowatt-hours,— 4.8  kilo- 
watt-hours less  than  the  carbon-filament  lamp.  At  the  prices 
usually  charged  for  power  for  lighting  purposes — from  10 
to  15  cents  per  kilowatt-hour — from  50  to  75  cents  is  saved 
during  the  life  of  a  lamp  in  the  cost  of  power  consumed  for 
each  16  candlepower  given  off.  However,  the  smallest 
metallized-filament  lamp  made  consumes  50  watts  and  gives 
off  20  candlepower,  so  that  instead  of  effecting  a  saving,  the 
usual  result  of  the  improvement  will  be  to  obtain  more  light 
at  practically  the  same  cost  as  before. 


METALIilC-FILAMENT  LAMPS 

9.  In  the  effort  to  find  a  more  efficient  substitute  for 
carbon  for  the  filaments  of  incandescent  lamps,  much  experi- 
menting has  been  done  with  metals  having  a  very  high 
melting  point.  Certain  rare  metals,  notably  tantalum, 
osmium,  and  tungsten,  have  been  found  so  well  adapted  for 
incandescent-lamp   filaments   that   some   surprising   results 
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have  been  obtained.  It  is  now  possible  to  make  metallic- 
filament  lamps  that  can  be  operated  at  even  higher  efficiency 
than  the  graphitized-filament  lamps,  and  that  have  a  useful 
life  fully  equal  to  and  in  some  cases  exceeding;  that  of  the 
carbon  lamps. 

TANTAT^UM  LAMPS 

10.  Tantalum. — The  first  metallic-filament  lamp  to 
come  into  commerical  use  was  the  tantalum  lamp.  Tanta- 
lum is  a  comparatively  rare  metal  of  which  little  was  gener- 
ally known  until  Doctor  Von  Bolton,  a  German  investigator, 
found  that  it  possesses  very  valuable  characteristics  for 
incandescent-lamp  filaments.  The  metal  is  very  heavy,  hav- 
ing a  specific  gravity  of  16.8;  that  is,  a  piece  of  tantalum 
is  16.8  times  as  heavy  as  an  equal  volume  of  water.  As 
the  specific  gravity  of  lead  is  only  11.36,  tantalum  is  nearly 
one  and  one-half  times  as  heavy  as  lead.  Tantalum  is 
malleable  and  ductile;  it  can  be  hammered  out  into  thin 
sheets,  but  being  as  hard  as  mild  steel,  the  pounding  must 
be  severe;  it  can  be  rolled  into  very  fine  wire,  which  is 
stronger  than  steel.  The  melting  point  of  tantalum  is  very 
high — nearly  2,300°  C. — and,  with  the  exception  of  hydro- 
fluoric, no  acid,  even  when  boiling,  will  affect  it.  Tantalum 
also  has  very  high  electric  resistance  and  expands  but 
little  when  heated;  its  resistance  increases  as  the  metal  is 
heated;  that  is,  it  has  a  positive  temperature  coefficient. 
However,  the  resistance  of  tantalum  is  lower  than  that  of 
carbon;  hence,  tantalum  lamp  filaments  are  made  longer 
than  carbon  filaments  for  the  same  voltage. 

!!•     Supporting:   Tantalum   Filaments. — The    low 

resistance  of  the  metal  makes  it  necessary  that  tantalum 
filaments,  in  all  except  the  very  low  voltage  lamps,  be 
very  long.  For  example,  the  filament  in  a  22-candlepower 
44-watt  110- volt  tantalum  lamp  is  20  inches  long  and  has  a 
diameter  of  .0018  inch.  In  spite  of  the  high  specific 
gravity  of  tantalum  and  the  great  length  of  a  lamp  filament 
made  of  this  metal,  the  extremely  small  diameter  makes  a 
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filament  so  light  that  it  requires  20,000  of  the  22-candlepower 
filaments  to  weigh  1  pound. 

The  length  of  the  filament,  together  with  the  fact  that  it 
stretches  when  hot,  makes  its  support  in  the  bulb  a  some- 
what difficult  matter.  The  device  generally  adopted  is 
shown  in  Fig.  1.  A  central  glass  rod  bears  two  glass  sup- 
porting rims,  from  which   project  laterally  evenly  spaced 


OD  rt^  <^) 

Fio.  1 

arms  made  of  nickel  wire  and  having  hooks  at  the  ends  over 
which  the  tantalum  filament  is  wound.  The  ends  of  the 
filament  are  connected  to  the  lamp  socket  by  platinum  lead- 
ing-in  wires.  The  upper  support  has  eleven  arms  and  the 
lower  one  twelve,  each  upper  arm  being  in  a  vertical  plane 
midway  between  the  vertical  planes  of  the  two  adjacent 
lower  arms,  so  that  the  filament  winds  on  in  a  zigzag  fashion. 

12.     Cliaracterlstics  of  Tantalnm  Filaments.— The 

tantalum  filament  when  new  has  a  perfectly  smooth  cylin- 
drical surface,  but  as  it  ages  the  surface  presents  a  peculiar 
glistening  appearance,  which,  under  the  microscope,  appears 
rough  and  pitted.  For  the  first  few  hours  of  service,  the 
filament  stretches  and  hangs  loosely  on  its  supports,  but  as 
it  grows  older  it  contracts  until  it  is  shorter  than  at  first. 
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Fig.  1  (a)  shows  the  appearance  of  a  new  filament,  which  is 
drawn  in  loose,  easy  curves  over  the  hooks,  while  (d)  shows 
the  appearance  of  a  filament  after  being  in  use  for  some  time, 
the  loops  being  drawn  down  to  sharp-pointed  angles.  The 
filament  finally  breaks,  but  wherever  the  loose  ends  come  in 
contact  with  some  other  portion  of  the  filament  they  immedi- 
ately weld  fast  and  the  lamp  continues  to  bum,  often  with 
increased  candlepower;  the  filament  is  shortened,  owing  to 
the  cutting  out  of  a  portion  of  its  length,  and  its  resistance 
is  thereby  decreased,  but,  of  course,  this  shortens  the 
remaining  life.  Quite  frequently,  even  after  the  filament 
has  been  broken  several  times,  tantalum  lamps  continue  to 
give  good  service  for  a  time.  Fig.  1  (c)  shows  the  filament 
on  one  side  of  a  lamp  after  it  had  broken  three  times  and 
still  continued  to  do  good  service.  For  the  sake  of  clearness 
the  filament  connections  on  the  back  of  the  lamp  are  omitted. 
While  new  tantalum  wire  is  very  strong,  it  loses  much  of 
its  strength  and  becomes  brittle  after  having  served  200  or 
300  hours  as  a  lamp  filament;  hence,  while  new  tantalum 
lamps  may  be  handled  as  freely  as  carbon-filament  lamps, 

they  should  not  be  dis- 
^^H  turbed  after  having  been 

in  service  a  while.  It 
also  follows  that  they 
are  not  suitable  for  use 
where  there  is  much 
vibration. 

13.  The  curves  in 
Fig.  2  show  the  com- 
parative resistance  char- 
acteristics of  carbon  and 
tantalum  filaments,  as- 
2o  4o  eo  80  KX)  120  140  100  00  200  sumiug  that  the  resist- 
FerCentofyormai  Voiu  ances  are  the  same  at 

Pio-  2  100  per  cent,  of  normal 

volts.     When  the  voltage  is  zero,  that  is,  when  the  filaments 
are  cold,  the  resistance  of   the  tantalum  filament  is  only 
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20  per  cent,  of  its  value  at  normal  voltage,  while  that  of 
the  carbon  filament  is  about  225  per  cent.  As  the  volts 
are  increased,  thereby  forcing  a  current  thiough  the  fila- 
ments and  heating  them,  the  resistance  of  the  tantalum 
filament  increases,  while  that  of  the  carbon  filament  decreases, 
as  shown  by  the  curves;  for  example,  at  50  per  cent,  of  normal 
voltage,  the  resistance  of  the  tantalum  filament  is  about 
82  per  cent,  of  normal,  and  that  of  the  carbon  filament 
about  108  per  cent. 

This  resistance  characteristic  of 
the  two  filaments  shows  that  a 
tantalum-filament  lamp  will  take 
much  the  greater  current  at  start- 
ing, that  it  will  reach  incandes- 
cence more  quickly,  and  that  it  will 
be  much  less  sensitive  to  slight 
variations  of  the  supply  voltage; 
for,  as  the  volts  increase,  the  re- 
sistance also  increases,  thus  tend- 
ing to  keep  the  current  through 
the  filament  more  nearly  constant. 

14.  Fig.  3  shows  a  complete 
22-candlepower  tantalum-filament 
lamp  having  a  consumption  of 
44  wat^s,  or  2  watts  per  candle- 
power,  and  an  average  life  of  about 
700  hours.  This  lamp  is  now  sup- 
plied by  United  States  manufac- 
turers  for  any  voltage  from  100  to 

130.  The  bulb  is  very  nearly  the  same  size  as  that  of  the 
ordinary  16-candlepower  carbon-filament  lamp. 

15,  Fig.  4  shows  the  results  of  comparative  tests  of 
several  tantalum  lamps  and  one  carbon-filament  lamp. 
Cxirves  a  and  b  show  the  increase  of  specific  consumption 
with  age;  the  values  of  the  ordinates,  in  watts  per  candle- 
power,  are  given  on  the  right-hand  margin.  The  tantalum 
lamps  consumed  an  average  of  1.85  watts  per  candlepower 
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at  the  start,  2.2  watts  at  the  end  of  700  hours,  and  2.6  watts 
at  the  end  of  1,200  hours.  The  corresponding  figures  for 
the  carbon-filament  lamp  were  3.3,  3.7,  and  3.9  watts  per 
candlepower. 

Curves  c  and  d  show  the  decrease  of  candlepower  with 
increasing  age;  the  values  of  the  ordinates  are  given  on  the 
left-hand  margin.     The    tantalum    lamps    gave   off    about 
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22  candlepower  at  the  start,  dropped  20  per  cent.,  or  to' 
17.6  candlepower,  in  about  850  hours,  and  were  still  giving 
an  average  of  nearly  17  candlepower  at  the  end  of  1,200  hours. 
The  carbon  lamp  began  with  about  17  candlepower,  burned 
over  900  hours  before  losing  20  per  cent.,  and  was  giving 
about  13  candlepower  at  the  end  of  1,200  hours.  This  carbon 
lamp  was  evidently  an  exceptionally  good  one. 


OSMIUM    L.AMP8 

16.  Lamps  with  filaments  made  of  the  very  rare  metal 
osmlam  are  used  to  some  extent  in  European  countries,  and 
if  the  claims  made  for  them  are  substantiated  in  practice  and 
their  cost  is  not  excessive,  they  will  probably  come  into  quite 
general  use.  The  lamp  was  invented  by  Doctor  Welsbach, 
of  Vienna,  the  originator  of  the  Welsbach  gas  mantle. 
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17.  Preparation  of  Osminm  Filaments. — Osmium 
has  a  specific  gravity  of  22.48,  about  twice  that  of  lead;  it  also 
has  a  very  high  melting  point,  in  fact  it  is  almost  iilfusible. 
This  metal  is  malleable  and  ductile  and  possesses  high  elec- 
tric resistance.  Osmium  lamp  filaments,  however,  are  not 
produced  by  drawing  the  pure  metal  into  fine  wire  as  is  done 
with  tantalum  filaments.  One  process  is  to  mix  finely  divided 
osmium  into  a  thick  paste  and  then,  under  heavy  pressure, 
force  this  paste  through  dies,  shaping  the  threads  thus  formed 
into  loops  and  heating  then^  in  a  vacuum.    The  threads  then 
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consist  of  porous,  rough  osmium  with  a  considerable  per- 
centage of  carbon.  To  burn  out  the  carbon,  the  filaments 
are  next  placed  in  an  atmosphere  containing  steam  and  other 
gases  and  heated  by  passing  an  electric  current  through 
them.  This  is  called  iorming  them^  and  after  this  process 
they  consist  of  pure  porous  osmium,  in  which  condition  they 
are  mounted  in  the  lamps. 

18.  Operation  of  Osmium  Liamps. — After  the  lamps 
are  put  in  service,  the  surface  of  the  porous  filaments  becomes 
gradually  more  and  more  smooth,  resulting  in  an  increase  of 
light  during  the  first  200  or  300  hours.     Fig.  5  shows  the 
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variation  of  candlepower,  with  life,  of  a  44-volt  32-candle- 
power  osmium  lamp.  Beginning  at  100  per  cent.  (32  candle- 
power),  the  light  increases  until  at  the  end  of  250  hours  it  is 
about  105  per  cent.  (33.6  candlepower).  From  this  point  the 
candlepower  gradually  decreases,  but  at  the  end  of  2,000  hours 
it  has  dropped  only  to  about  85  per  cent,  of  its  original  value. 
It  is  not  certain  that  all  osmium  lamps  will  have  as  long 
life  as  the  one  whose  life  curve  is  shown  in  Fig.  5,  although 
the  claim  is  made  that  with  an.initial  consumption  of  1.5  watts 
per  candlepower  some  of  the  lamps  burn  even  5,000  hours 
without  losing  more  than  20  per  cent,  of  their  original  candle- 
power.  Of  twelve  lamps  tested  in  Vienna,  the  average  life 
was  2,220  hours,  the  shortest  being  1,793  and  the  longest 
3,036  hours,  respectively,  and  during  this  test  only  three  of 
the  lamps  lost  more  than  10  per  cent,  of  their  original  candle- 
power.  The  average  consumption  during  life  was  from  1.8  to 
2  watts  per  candlepower.  The  British  General  Electric  Com- 
pany guarantees  their  osmium  lamps  for  a  life  of  not  less  than 
500  hours  with  a  consumption  of  1.5  watts  per  candlepower. 

19.  Osmium  lamp  filaments  when  incandescent  become 
quite  flexible,  and  if  the  lamp  is  in  a  horizontal  or  an  inclined 
position,  the  filaments,  unless  well  supported,,  tend  to  droop, 
or  sag,  under  their  own  weight.  Moreover,  the  filaments 
are  somewhat  more  fragile  than  carbon  filaments  and  are 
more  likely  to  become  damaged  in  transportation.  They  are 
made  in  long  U-shaped  loops,  which  are  so  anchored  to  a 
glass  rod  projecting  into  the  bulb  from  the  base  that  the  lamps 
can  be  burned  in  any  position.  The  filaments  do  not,  how- 
ever, become  so  brittle  with  use  as  the  tantalum  filaments,  and 
are  more  suitable  for  use  where  there  is  vibration.  In  fact, 
osmium  lamps  have  given  satisfactory  service  in  car  lighting. 

Osmium  has  a  positive  temperature  coefficient;  hence, 
osmium  lamps  are  not  sensitive  to  slight  variations  of  volt- 
age. In  fact,  they  will  stand  a  considerable  increase  above 
their  normal  voltage  without  serious  injury.  Osmium  lamp 
filaments  also  weld  together  when  broken,  similar  to  tanta- 
lum filaments. 


Digitized  by 


Google 


§55    MODERN  ELECTRIC-LIGHTING  DEVICES       13 


TUNGSTEN  LAMPS 

20.  Tang^sten,  sometimes  called  woliranty  is  one  of 
the  so-called  rare  metals,  though  it  occurs  more  plentifully 
than  either  tantalum  or  osmium.  Tungsten  is  steel  gray  in 
color,  so  hard  that  it  will  scratch  glass,  and  very  heavy 
(specific  gravity  19.129).  Like  carbon,  tungsten  changes 
directly  into  vapor  at  a  very  high  temperature  (considerably 
higher  than  the  corresponding  temperature  for  carbon)  with- 
out passing  through  a  liquid  state.  Its  specific  resistance  is 
lower  than  that  of  carbon;  hence,  tungsten  lamp  filaments 
must  be  very  long  and  very  thin,  as  is  the 

case  with  all  metallic  filaments. 

21.  Tnng^sten  lamps  were  first  pro- 
duced in  Europe  by  German  and  Austrian 
inventors.  The  filaments  are  made  by  two 
or  three  methods  and,  in  some  types  of 
lamps,  consist  of  an  alloy  of  osmium  and 
tungsten.  On  account  of  the  difficulty  of 
properly  supporting  a  long,  slender  filament, 
the  lamps  are  not  made  in  small  sizes  or  for 
high  voltages.  The  appearance  of  the  tung- 
sten lamp  first  placed  on  the  American  market 

is  shown  in  Fig.  6.     This  lamp  was  invented  f^g-  « 

by  Dr.  Alexander  Just  and  Franz  Hanaman,  and  is  called  the 
Just  tungsten  lamp;  it  is  standardized  at  40  hefner  candle- 
power  with  a  consumption  of  40  watts  at  100  to  120  volts, 
and  has  a  useful  life  of  1,000  hours. 

22.  Operation  of  Tung^sten  Ijanips. — Well-authenti- 
cated tests  made  in  public  laboratories  in  Germany  and 
Austria  indicate  that  the  performance  of  tungsten  lamps,  when 
compared  with  that  of  carbon-filament  lamps,  is  remarkable. 
A  useful  life  of  from  1,500  to  2,000  hours  at  less  than  1  watt 
per  candlepower  is  indicated.  Lamps  working  at  .75  watt 
per  candlepower  have  been  run  from  1,000  to  1,100  hours 
with  a  loss  of  only  3.5  per  cent,  of  their  light  output,  and  for 
1,600  hours  with  a  loss  of  20  per  cent. 
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The  curves  in  Fig.  7 


shows  the  results  of  official  tests 
made  on  the  osram  lamp, 
which  has  a  filament  con- 
sistins:  of  an  alloy  of 
osmium  and  tungsten. 
The  curves  in  (a)  show 
the  change  of  total  candle- 
power  of  two  lamps  of 
about  28  and  32  hefner 
units,  respectively,  and 
those  in  (b)  show  the 
change  in  watts  per 
hefner.  The  light  output 
increases  in  each  case  dur- 
ing the  first  200  hours,  and 
the  consumption  per  hef- 
ner decreases;  the  output 
then  falls  off  gradually, 
but  has  fallen  only  5  or 
6  per  cent,  below  the 
«oo  '^oo  initial  candlepower  at  the 
(b)  end  of  1,000  hours.    The 

specific  consumption  has 
meanwhile  risen  to  a  little  less  than  1.2  watts  p^r  unit. 

23.  Tungsten  lamps  work  equally  well  on  either  direct 
or  alternating  current  and  are  not  sensitive  to  changes  of 
voltage;  in  fact,  the  voltage  can  be  doubled  without  injuring 
the  lamps.  Some  types  of  tungsten  lamps  can  be  used  in 
any  position  and  are  not  affected  by  vibration,  unless  it  is 
very  excessive.  .  Table  I  shows  the  effect  of  gradually 
raising  the  voltage  on  a  17-candlepower  20-volt  tungsten 
lamp.     At  the  end  of  the  test  the  lamp  seemed  uninjured. 

The  light  from  these  lamps  is  exceedingly  white  and  pleas- 
ant, but  the  lamps  are  so  very  brilliant  that  frosted  bulbs  or 
some  form  of  shades  are  necessary.  Owing  to  the  greater 
abundance  of  tungsten  as  compared  with  other  rare  metals 
used  for  lamp   filaments,  and   also   because  of   their  high 
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economy  and  long  life,  tungsten  lamps  are  likely  to  come  into 
more  extensive  use  than  the  other  metallic-filament  lamps. 

TABIiE  I 
TUNGSTEN    LAMP    TESTS 


Volts 

Amperes 

Candlepower 

Watts  per 
Candlepower 

20.2 

.970 

17.1 

1. 138 

25.8 

1. 140 

56.9 

.670 

32.7 

1.300 

88 

.484 

34.5 

1.340 

no 

.421 

39.0 

1.440 

158 

.355 

40.6 

1.475 

185 

.322 

24.  Normal  Filament  Temperatares. — Table  II 
gives  the  approximate  true  temperatures  of  some  incandes- 
cent lamps  as  determined  by  the  United  States  Bureau  of 
Standards,  Washington,  D.  C. 

TABIiB  n 
NORMAL.    BURNING    TEMPERATURES 


Tjrpe  of  Lamp 

Watts  per 
Candlepower 

Volts 

Approximate 
True  Tem- 
perature 
Degrees  C. 

Carbon  .... 
Carbon  .... 
Carbon  .... 
Tantalum      .    . 
Tungsten      .    . 

4 

3.5 
3.1 

2 
I 

50 
118 
118 
no 

100 

1,800 
1,850 
1,950 
2,000 
2,300 
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THE  NERN8T  liAMP 

25.     In  the  incandescent  lamps  thus  far  considered  the 
glowing  body,  or  filament,  is  enclosed  in  a  vacuum,  because 

in  open  air  it  would 
be  oxidized,  or  burnt 
up,  by  the  oxygen  in 
the  air.  The  Nernst 
lamp  is  properly 
called  an  incandes- 
cent lamp,  because 
the  light-giving  por- 
tion is  a  solid  body 
heated  to  incandes- 
cence by  the  passage 
of  electric  current. 
This  lamp  is  the  re- 
sult of  researches 
made  by  Dr.  Walter 
Nernst,  a  German 
scientist.  The  dis- 
tinguishing features 
of  the  lamp  are  its 
filament,  or  glower, 
the  means  for  making 
the  glower  conduct- 
ive, and  the  fact  that 
the  glower  operates 
in  the  open  air. 

26.  Essential 
Parts  of  the  Nernst 
Liamp. — The  essen- 
tial   parts    of    the 

Fio.  8  XT  ^     -I 

Nernst  lamp  are: 
(1)  the  glower,  or  light-giving  portion;  (2)  the  heaters,  which 
raise  the  temperature  of  the  glowers  at  starting  until  they 
become  conductors;   (3)  the  resistance,  or  ballast,  as  it  is 
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termed  by  the  manufacturers,  which  steadies  the  current 
through  the  lamp;  and  (4)  the  cut-out  device  for  opening  the 
circuit  through  the  heaters  after  the  lamp  has  been  started. 
All  these  parts  are  compactly  assembled  and  enclosed  in  a 
case  having  a  suspension  hook,  or  screw  base,  and  an 
enclosing  globe  attached.  Fig.  8  is  a  view  of  a  medium- 
sized-  Nemst  lamp,  partly  in  section,  showing  the  location  of 
each  part,  as  follows: 

a,  the  suspension  eye;  ky  the  lamp  case,  or  housing; 

h,  a  lamp  terminal;  /,  an  aluminum  plug; 

c,  the  terminal  porcelain;  m^  the   porcelain   contact 

d,  the  iron  cap  covering  the  sleeve; 

lamp;  n,  the  lamp  petticoat; 

e,  ballast  tubes;  ^,  globe-holding  screws; 
/,  the  cut-out  coil;                         p,  the  holder  base; 

gy  an  armature  support;  q,  the  holder; 

hy  an  armature;  r,  a  heater  tube; 

iy  a  silver  contact  stop;  Sy  a  glower. 
;,  the  ballast  porcelain; 

27.  Nernst  Glowers. — The  urlowers,  or  light-giving 
portion  of  the  Nemst  lamp,  are  made  by  pressing  through 
suitable  dies  a  dough  composed  of  an  oxide  of  some  of  the 
rare  metals,  such  as  thorium,  zirconium,  yttrium,  etc.  The 
porcelain-like  strings  issuing  from  the  dies  are  dried,  cut 
into  suitable  lengths, 
and  baked.  Terminals 
are  then  attached  by 
soldering  wires  to  beads 
of  platinum  embedded 
in  the  ends  of  the 
glower.  Embedding 
the  platinum  beads  in 
the  ends  of  the  glower  is  found  to  be  preferable  to  wrap- 
ping platinum  wire  around  the  ends,  because  as  the  glowers 
shrink  in  service  the  beads  are  gripped  tightly,  while  the 
wire  wrappings  become  loosened.  The  process  of  making 
the  glowers  was  the  most  troublesome  feature  in  developing 
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the  lamp,  and  finding  a  suitable  method  of  attaching  the  ter- 
minals was  especially  difficult. 

Fig.  9  shows  a  pair  of  glowers  a  and  their  accompanying 
heater  tubes  b.  Platinum  terminal  wires  c  are  attached  to  the 
glowers,  and  to  the  ends  of  these  wires  are  fastened  short 
copper  wires.  The  copper  wires  terminate  in  small,  tapered 
aluminum  plugs  (not  shown  in  this  figure)  suitable  for  inser- 
tion in  receptacles  on  the  porcelain  base  on  which  the  heater 
tubes  and  glowers  are  mounted. 

28.  The  glowers  have  an  extremely  high  resistance 
when  cold,  or  at  ordinary  temperatures,  that  is,  they  are 
insulators;  but  when  warmed,  the  resistance  decreases  as 
the  temperature  rises  until  the  glowers  become  good  con- 
ductors at  about  600°  or  700°  C.  The  curve  in  Fig.  10  shows 
the  relation  that  exists  between  the  temperature  of  a  Nemst 


Ohm*  per  Cubic  Jneh 

Pig.  10 

glower  and  its  specific  resistance.  At  600°  C,  the  specific 
resistance  is  about  1,200  ohms  per  cubic  inch,  while  at  lower 
temperatures  it  is  much  greater.  As  the  temperature  rises 
above  600°  C,  the  specific  resistance  lessens  very  rapidly, 
being  about  225  ohms  at  700°  C.  and  decreasing  to  about 
30  ohms  at  900°  C. 
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29.     Nernst  Heaters. 

Various  devices  have  been 
tried  for  raising  the  tem- 
perature of  the  glowers  to 
the  point  where  they  be- 
come conductors.  In  the 
United  States,  the  plan 
now  followed  is  to  wind 
fine    platinum    wire    over 

(thin  porcelain  tubes,   and 
then  cover  the  wire  with 
^  a  cement   paste  that  will 

withstand  the  intense  heat 
of  the  glowers  when  in 
operation  and  that  also 
affords  a  white  surface  to 
Pio.  u  reflect    the    light   down- 

wards. 

Fig.  11  shows  the  glow- 
ers a  and  the  heaters  ^  of  a 
two-glower  lamp  mounted 
in  their  porcelain  holder  dy 
which  is  attached  to  the 
porcelain  base  d^.  The 
glowers,  located  just  be- 
>  neath  the  heater  tubes, 
are  connected  to  the  brass 
pieces  e,  /  attached  to  the 
base.  The  terminals  of  the 
heater  coils  are  connected 
by  way  of  the  brass  pieces^ 
(one  on  each  side  of  the 
base)  to  the  prongs  h,h'. 
Prongs  /,  TUy  and  n  are 
connected  with  brass 
pieces  ^,  /,  thereby  form- 
ing the  terminals  of  the 
glowers.     The    holder    is 

Fio.  12 
46B— 34 
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secured  to  the  base  by  cotter  pins  o,  which  are  inserted 

through  the  brass  pieces^.    The  portion  of  the  holder  facing 

the  glowers  is  painted  with 
a  white  enamel  paste  so 
that  it  will  reflect  light. 

Fig.  12  shows  the  method 
of  inserting  a  holder,  with 
its  heaters  and  glowers,  in 
a  lamp.  A  six-glower  unit 
with  a  suitable  number  of 
prongs  is  shown.  The 
prongs  enter  receptacles 
with  which  they  make  the 

necessary  connections.     The  hand  should  not  be  allowed  to 

touch  the  glowers  or  heater  tubes. 

30.  The  smallest  Nernst  lamp,  which  is  made  to  compete 
with  the  ordinary  incandescent  lamp  and  is  fitted  with  a  base 
for  screwing  into  a  standard  Edison  socket,  has  one  glower 
surrounded    by   a    helical-formed 

heater  made  pf  the  same  materials 
as  the  heater  tubes  for  the  larger 
lamps.  Fig.  13  shows  the  appear- 
ance of  the  glower  a  and  the 
heater  b  mounted  on  a  porcelain 
holder,  and  Fig.  14  shows  a  com- 
plete lamp.  This  lamp  gives  about 
the  same  light  as  three  ordinary 
16-candlepower  carbon-filament 
lamps. 

31.  Ballast  for  tlie  Nernst 
Lamp. — The  rapid  decrease  of 
the  resistance  of  the  glowers  with, 
increasing  temperature  would  ren- 
der the  lamps  very  unstable  were  it  ^®*  ^* 

not  for  the  ballast.  If  the  glowers  were  connected  directly 
across  the  circuit,  they  might  be  adjusted  to  work  all  right 
with  a  perfectly  steady  pressure;  but  any  slight  increase  of 
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pressure  would  increase  the  current  through  the  glowers 
and  thus  increase  their  temperature.  The  resulting:  decrease 
of  resistance  would  permit  still  greater  current  to  flow,  and 
the  process  would  continue  until  the  glowers  became  practi- 
cally a  short  circuit  across  the  line. 

The  ballast  consists  of  pure  iron  wire  mounted  in  glass 
tubes  (^,  Fig.  8)  from  which  the  air  is  exhausted,  the  space 
then  being  flUed  with  an  inert  gas,  such  as  nitrogen.  The 
resistance  of  iron  wire  rises.very  rapidly  as  the  temperature 
of  the  wire  increases.  An  increase  of  10  per  cent,  in  the 
current  passing  through  one  of  these  ballasts  will  cause  as 
much  as  150  per  cent,  increase  in  resistance.  A  small 
amount  of  resistance  is  therefore  sufficient  to  insure  stable 
operation,  and  the  efficiency  of  the  lamp  as  a  whole  is  higher 
than  if  an  ordinary  resistance  were  used.  By  mounting  the 
wire  as  described,  all  danger  from  oxidation,  or  burning  of 
the  wire,  is  removed,  and  the  ballasts  will  last  a  long  time, 
provided  the  voltage  regulation  is  good. 

32.  Nernst  Cat-Out. — The  cut-out  consists  of  an 
electromagnet  connected  in  series  with  the  glowers  and 
arranged  so  that  when  current  passes  through  them  it  will 
attract  two  armatures,  one  of  which  is  shown  at  h^  Fig.  8, 
and  open  the  circuit  through  the  heater  coils. 

33.  Connections  fop  Nernst  ILanip. — Fig.  15  (a) 
shows  a  diagram  of  the  connections  of  a  two-glower  lamp, 
and  (b)  shows  the  same  connections  in  a  simplified  form. 
When  current  is  first  turned  on  to  the  lamp,  it  passes  alter- 
nately from  the  terminals  F,  G  through  the  armatures  C  C, 
silver  contact  points  D,D,  prongs  h,h\  Fig.  15  (a),  to  the 
heater  coils  by  b.  As  soon  as  the  temperature  of  the  glowers 
has  risen  enough  to  make  them  conducting,  current  also 
passes  from  the  lamp  terminals  to  the  glowers  a,  a  by  way 
of  prong  /  on  one  side,  and  the  magnet  By  ballast  tubes  Ay  Ay 
and  prongs  w,  n  on  the  other  side.  When  the  current  through 
the  magnet  has  become  large  enough,  the  armatures  C  Care 
drawn  in  by  the  magnetic  attraction  to  the  dotted  positions, 
thus  opening  the  circuit  through  the  heaters  at  two  points  Z>,  D. 


Digitized  by 


Google 


22       MODERN  ELECTRIC-LIGHTING  DEVICES    §55 


Ih^ 

jp 

/ rt-J 


Digitized  by 


Google 


§55     MODERN  ELECTRIC-LIGHTING  DEVICES       23 

The  armatures  are  suspended  loosely  from  a  single  point, 
so  that  they  swing  outwards  against  the  contact  points  when 
the  magnet  is  not  excited;  the  single  loose  suspension  also 
prevents  humming,  which  would  otherwise  be  caused  by  the 
alternating  current  in  the  coil.  The  temperature  inside  the 
lamp  when  operating  is  about  110°  C,  and  to  protect  the  wire 
of  the  cut-out  coil  from  the  heat,  it  is  covered  with  cement. 

34.  Chaitacteristics  of  tlie  Nernst  liamp. — In  Fig.  16 
is  shown  a  curve  that   illustrates    graphically  the  flow  of 
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current  through  a  six-glower  220-volt  lamp  from  the  time  it 
is  switched  on  until  the  lamp  is  running  steady  on  its  normal 
current — about  2.3  amperes.  When  first  switched  on,  nearly 
3.5  amperes  flows  through  the  heater  tubes.  The  resistance 
of  the  platinum  wire  on  the  heaters  quickly  rises  and  brings 
the  current  down  to  about  1.3  amperes,  which  continues  until 
at  the  end  of  26  seconds  the  glowers  begin  to  take  current. 
The  total  current  then  gradually  rises  until,  after  a  little 
over  30  seconds,  the  current  in  the  glowers  reaches  a  value 
high  enough  to  cut  out  the  heaters,  when  the  total  current 
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through  the  lamp  decreases  abruptly  by  the  amount  that  the 
heaters  were  taking.  The  current  through  the  glowers  con- 
tinues to  increase,  until  at  the  end  of  about  40  seconds  all 
the  glowers  are  burning  full  brilliancy  and  the  resistance  of 
the  ballast  has  risen  enough  to  prevent  further  rise  of 
current.  From  this  time  on  there  is  a  slight  rise  in  the 
resistance  of  the  ballasts,  lamp  connections,  etc.,  until  the 
whole  lamp  has  reached  its  maximum  temperature  and 
the  current  has  fallen  to  its  normal  value. 

35.  Nemst  lamps  are  made  with  one,  two,  three,  four, 
or  six  glowers,  giving  hemispherical  candlepowers  of  very 
nearly  35,  75, 125,  190,  and  300,  respectively.  The  efficiencies 
of  the  lamps  steadily  increase  with  the  number  of  glowers, 
the  approximate  consumption  of  energy  in  the  various  sizes 
in  the  order  named  being,  respectively,  2.4,  2.2,  2.1,  1.85, 
and  1.75  watts  per  hemispherical  candlepower.  This  increase 
in  efficiency  is  due  largely  to  the  fact  that  the  several  glowers 
tend  to  heat  one  anotber. 

The  high  efficiency  of  the  Nemst  lamp  may  be  ascribed  to 
the  high  temperature  at  which  the  glowers  work,  and  to  their 
ability  to  radiate  a  large  proportion  of  the  energy  supplied 
them  as  light.  The  color  of  the  light  approximates  closely 
to  that  of  daylight,  and  hence  is  desirable  for  store  or  art- 
gallery  illumination,  where  the  correct  determination  of  color 
is  of  importance.  As  an  offset  to  these  advantages,  the  Nemst 
lamp,  in  comparison  with  the  incandescent  lamp,  is  some- 
what complicated,  and  high  in  first  cost,  although  the  parts  to 
be  renewed  can  be  replaced  at  slight  cost  after  the  lamp  is 
once  purchased,  because  allowance  is  made  for  the  scrap 
platinum  in  the  burned-out  parts.  The  slowness  of  starting 
is  also  a  disadvantage  for  some  kinds  of  illumination,  partic- 
ularly in  theaters,  or  in  any  other  place  where  it  is  desired 
to  switch  lamps  on  and  off  frequently. 

36.  The  lamps  are  made  for  110  or  220  volts  alternating 
current;  the  110-volt  lamps  can  be  adjusted  for  any  voltage 
from  100  to  120,  and  the  220-volt  lamps  for  any  voltage 
from  220  to  240.     For  best  results  the  voltage  must  not  be 
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permitted  to  vary  more  than  3  per  cent,  above  or  below  that 
for  which  the  lamp  is  adjusted.  Each  110- volt  glower  takes 
approximately  .8  ampere,  and  each  220-volt  glower,  approxi- 
mately .4  ampere.  More  satisfactory  service  is  obtained 
from  the  220-volt  lamps.  A  single-glower  lamp  for  outdoor 
service  on  series-circuits  is  also  made.  This  lamp  is  made 
both  for  26  volts  6.6  amperes  and  for  23  volts  7.5  amperes. 
All  sizes,  except  the  low-voltage  series-lamp,  are  made  in 
two  styles,  for  either  indoor  or  outdoor  service,  the  difference 
being  almost  entirely  in  the  style  of  casing  used  to  enclose 
the  lamp. 

37.  Liigrlit  Distrlbation. — Owing  to  the  reflecting  sur- 
faces just  above  the  glowers,  nearly  all  the  light  from  a 
Nernst  lamp  is  given  off  in  the  lower  hemisphere.  The  light 
is  very  evenly  distributed  below  the  lamp  in  the  vertical  plane, 
as  shown  by  the  heavy  curved  line  in  Fig.  17  (a),  where  the 
candlepower  given  off  in  various  directions  by  a  three-glower 
lamp  is  indicated  by  the  numbers  in  the  vertical  column. 
There  is  a  slight  excess  of  light  immediately  below  the  lamp. 
Fig.  17  (d)  shows  the  horizontal  distribution  about  a  three- 
glower  lamp;  the  light  given  off  parallel  to  the  glowers  is 
much  less  than  that  given  off  perpendicular  to  them. 

38.  Care  of  Nernst ,  Ijamps. — Nerast  lamps  should 
have  regular  and  systematic  attention  while  in  operation. 
There  should  be  kept  on  hand  a  supply  of  parts  likely  to  be 
needed,  such  as  glowers,  heaters,  holders,  ballast,  glass- 
ware, etc.,  the  number  of  extra  parts  depending  on  the  number 
of  lamps  in  use.  The  attendant  should  have  a  suitable  kit 
of  tools,  and  regular,  systematic  visits  should  be  made  to 
each  lamp.  He  should  carry  with  him  a  supply  of  parts  most 
likely  to  be  needed,  including  a  number  of  repaired  holders, 
complete  with  heaters  and  glowers,  and  should  inspect  each 
lamp  as  follows: 

1.  Determine  whether  all  heater  tubes  become  red  when 
the  current  is  turned  on;  if  not,  the  holder  should  be  replaced 
with  a  new  one.  After  the  lamp  has  been  in  use  some  time, 
the  holder  and  heater  tubes  become  blackened  by  a  deposit 
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of  oxide  of  platinum  from  the  glower  terminals.  This  deposit 
should  be  scraped  off  or  a  new  holder  substituted,  so  as  to 
keep  the  reflecting  surface  good. 

2.  Inspect  lighted  lamps  with  colored  glass  to  determine 
condition  of  glowers. 

3.  Change  holders  in  a  six-glower  lamp  if  two  glowers  are 
out;  in  a  four-,  three-,  or  two-glower  lamp  if  one  glower  is 
out;  and  in  a  one-glower  lamp  if  the  glower  does  not  light. 

4.  After  replacing  the  holder,  see  that  all  glowers  light 
up;  if  any  does  not,  the  corresponding  ballast  is  burnt  out 
and  must  be  renewed. 

5.  All  defective  holders  should  be  returned  to  the  repair 
bench.  The  shades  and  glassware  should  be  cleaned  as  often 
as  necessary — at  least  once  a  month. 


TUBE    LIGHTING 

39.  For  two  centuries  or  more  it  has  been  known  that  an 
electric  discharge  through  a  tube  of  rarefied  gas,  or  vapor, 
causes  the  gas  to  become  luminous.  Within  recent  years, 
much  experimenting  has  been  done,  with  a  view  of  develop- 
ing a  practical  illuminant  by  using  a  tube  of  incandescent 
gas.  It  has  been  found  that  the  luminous  efficiency  of  a 
vacuum  tube  is  25  or  30  per  cent. — many  times  better  than 
the  best  arc  or  incandescent  lamps.  The  prediction  is  freely 
made  that  further  investigation  will  enable  the  production  of 
a  vacuum-tube  light  far  more  efficient  than  anything  yet 
produced. 

When  light  is  radiated  from  a  point,  the  intensity  of  the 
light  striking  an  object  at  a  distance  from  the  source  of  light 
varies  inversely  as  the  square  of  the  distance;  hence,  in  order 
that  objects  at  a  considerable  distance  may  be  well  illumi- 
nated, the  source  of  light  must  be  dazzlingly  bright.  When 
the  source  of  light  is  extended  over  a  considerable  space,  as 
in  a  tube  of  light,  the  law  of  inverse  squares  does  not  hold 
true;  the  light  falling  on  an  object  at  a  distance  from  the 
source  is  greater  than  given  by  this  law.  Moreover,  from 
such  a  distributed  source,  light  is  given  off  in  all  directions 
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perpendicular  to  a  considerable  length  of  tube,  and  sharply 
defined  lights  and  shadows  are  avoided.  This  quality  adapts 
tube  lighting  to  rooms  where  there  are  many  obstructions  to 
the  distribution  of  light  from  concentrated  sources,  as  in 
rooms  where  much  machinery  is  installed. 

Two  principal  types  of  tube  lights  have  thus  far  come  into 
practical  use:  the  mercury -vapor  lamp  in  which  a  column  of 
mercury  vapor  is  heated  to  incandescence  by  the  passage  of 
a  current  of  electricity  through  it,  and  the  Moore  electric  light 
in  which  the  incandescent  body  is  a  tube  of  rarefied  gas  con- 
sisting almost  wholly  of  air.  Far  less  heat  is  required  to 
raise  to  incandescence  the  temperature  of  a  column  of  rare- 
fied vapor  or  air  than  a  solid,  such  as  used  in  incandescent 
and  arc  lamps;  this  accounts  for  the  higher  efficiency  of  the 
vacuum-tube  lamp.  

MERCURY- VAPOR  liAMPS 

40.  The  mercury-vapor  tube  lamp  as  used  in  the 
United  States  was  invented  and  developed  by  Peter  Cooper 
Hewitt;  hence,  it  is  commonly  known  as  the  Cooper  Hewitt 
lamp.  The  standard  types  of  this  lamp  consist  essentially 
of  a  clear  glass  tube  1  inch  in  diameter,  with  a  light-giving 
portion  from  Yl\  to  45  inches  long.  In  each  end  of  the  tube 
is  sealed  a  platinum  wire  that  terminates  in  an  iron  or  mer- 
cury electrode,  very  similar  to  the  electrodes  of  the  Cooper 
Hewitt  mercury-vapor  converter;  in  fact,  the  idea  of  using 
the  mercury  arc  to  convert  alternating  current  to  direct  cur- 
rent was  conceived  while  experimenting  with  merciu'y-vapor 
lamps.  

DESCRIPTION 

41.  Type  H  Liamp. — Mercury- vapor  lamps  are  made 
in  three  standard  sizes,  each  designated  by  a  type  letter; 
namely,  types  H  and  K  for  direct  current,  and  type  C  for 
alternating  current. 

Fig.  18  shows  a  type  H  lamp  complete  with  the  canopy 
containing  the  adjusting  and  regulating  devices;  a  is  the 
holder  without. the  reflector,  which  is  normally  supported 
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between  the  holder  and  the  lamp  tube  b.  The  holder  is 
hinged  at  its  middle  point  c,  and  is  provided  with  a  suitable 
stop,  so  that  when  in  operation  the  lamp  remains  in  an 
inclined  position.  The  anode  rf  is  a  piece  of  iron,  and  the 
cathode  is  mercury  contained  in  the  blackened  bulb  e.  The 
chain  /  serves  to  pull  down,  or  tilt,  the  lamp  when  starting  it. 
Two  type  H  lamps  in  series,  with  tubes  17i  inches  long, 
are  used  on  circuits  where  the  voltage  is  from  98  to  106,  and 


Pio.  18 

two  20j-inch  tubes  are  used  on  from  106-  to  122-volt  cir- 
cuits. At  110  volts,  the  two  lamps  consume  3.5  amperes,  or 
385  watts,  and  give  off  300  spherical  candlepower  each,  or  a 
total  of  600  candlepower,  thus  making  the  specific  consump- 
tion .64  watt  per  candlepower.  A  lamp  of  this  kind,  with  a 
special  resistance  in  series,  can  be  used  on  from  98-  to 
122-volt  circuits,  and  four  lamps  can  be  used  in  series  on 
from  196-  to  244-volt  circuits. 
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42.  Type  K  Ijamp. — The  type  K  lamp  has  the  same 
general  appearance  as  the  type  H,  but  the  light-giving  por- 
tion of  the  tube  is  45  inches  long.  Type  K  lamp  can  be 
used  singly  on  from  98-  to  122-volt  circuits,  or  two  in  series 
where  the  voltage  is  from  196  to  244.  With  one  of  the  two 
lamps  shunted  by  a  special  resistance,  the  other  can  be  used  on 
from  196-  to  244-volt  circuits.  Each  lamp  consumes  385  watts 
(3i  amperes  at  110  volts)  and  gives  off  700  candlepower, 
making  the  specific  consumption  .55  watt  per  candlepower. 

43.  Type  C  liamp. — Fig.  19  shows  a  type  C  lamp  for 

use  with  single-phase  alternating  current  only.     The  general 
appearance  is  very  similar  to  that  of  the  type  H  or  type  K 


lamp,  except  that  the  type  C  lamp  combines  the  features 
of  the  direct-current  lamps  and  the  mercury-vapor  converter, 
and  hence  has  three  anodes,  one  a  for  starting  and  two  d  andr 
for  operating  the  lamp.  The  complete  lamp  has  a  canopy 
not  shown  in  the  figure.  A  resistance  d  in  series  with  the 
anode  a  prevents  the  flow  of  an  excessive  starting  current. 
The  length  of  the  light-giving  portion  of  the  tube  is  28  inches. 
With  each  lamp  is  supplied  an  auto  transformer,  making  the 
lamp  suitable  for  use  singly  on  from  98-  to  244-volt  circuits. 
The  lamp  consumes  Si  amperes  on  110  volts  and  has  a  power 
factor  of  71i  per  cent.,  making  the  actual  consumption 
3i  X  110  X  .715  =  275  watts.  The  output  is  425  spherical 
candlepower;  hence,  the  specific  consumption  is  .64  watt 
per  candlepower. 
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44.  Cooper  Heifvltt  liamp  Reflectors. — Fig.  20  shows 
the  different  forms  of  reflectors  used  with  mercury-vapor 
lamps.  The  flat  type  is  supplied  where  a  medium  distribu- 
tion of  light  is  desired;  the  curved  type  is  used  for  concen- 


PiG.  20 


trating  most  of  the  light  immediately  under  the  lamp;  and  the 
adjustable  type  permits  almost  any  desired  distribution  to  be 
obtained.  With  light-colored  walls  and  ceiling,  best  results 
are  obtained  without  the  use  of  reflectors. 


CONNECTIONS 

45.  Fig.  21  shows  a  diagram  of  the  connections  of  two 
type  H  lamps  in  series,  on  a  110- volt  circuit.  A  ballast  a, 
very  much  like  that  used  in  the  Nemst  lamps,  tends  to  keep 
the  current  nearly  constant  through  considerable  variations  of 
the  voltage.  A  resistance  b  in  series  with  both  lamps  helps 
to  steady  the  current  and  prevents  it  from  being  excessive 
at  starting.  Inductance,  or  reactance,  coils  c,  c\  also  in  series 
with  the  lamps,  prevent  sudden  fluctuations  of  current  and 
act  as  magnets  to  hold  the  automatic  switches  d  d'  open 
while  both  lamps  are  in  operation.     If  one  lamp  is  out  of 
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service  for  any  reason,  its  inductance  coil  carries  no  current 
and  its  automatic  switch  remains  closed,  thus  allowing;  the 
current  from  the  other  lamp  to  pass  around  the  idle  one 
through  a  special  shunt  resistance  e  or  e! .  It  is  thus  possi- 
ble to  bum  either  lamp  singly  if  desired.  Two  pair  of  type  H 
lamps  in  series,  each  pair  connected  as  shown  in  Fig.  21, 
can  be  used  across  from  196  to  244  volts.  The  connec- 
tions for  two  type  K  lamps  in  series  are  very  nearly  the 
same  as  for  two  type  H  lamps.  When  one  lamp  of  either 
type  is  connected  for  use  alone,  the  automatic  switch  is 
omitted,  but  a  resistance  and  an  inductance  are  used  in  series 
with  the  lamp. 

46.  Fig.  22  shows  a  diagram  of  the  connections  of  a 
type  C  lamp.  The  connections  are  the  same  as  those  of  the 
single-phase  mercury-vapor  converter,  except  that  in  the 
lamp  connections  a  ballast  is  used  in  the  line  from  the  cath- 
ode to  the  autotransformer.  The  autotransformer  shown 
is  suitable  for  use  on  110  volts;  a  different  one  is  used 
for  220  volts,  the  transformation  ratio  being  such  that 
the  pressure  across  the  lamp  terminals  is  172  volts  in 
each  case. 

47.  The  adjusting  and  regulating  devices  for  each  lamp 
are  arranged  in  a  comipact  group  called  the  auxiliary,  which 
is  usually  placed  in  the  large  canopy  above  the  lamp.  Fig.  23 
shows  the  inner  parts  of  the  type  C  lamp,  the  arrangement 
of  which  is  typical  of  all.  A  plate  a  is  fastened  to  the  ceil- 
ing, a  shield  b  of  sheet  iron  and  asbestos  comes  next,  and 
the  plate  c  to  which  the  resistances,  inductances,  etc.  of  the 
auxiliary  are  attached  is  then  fastened  to  the  ceiling  plate. 
The  asbestos  shield  protects  the  ceiling  from  heat  that  might 
be  generated  in  the  auxiliary.  The  plate  c  carries  a  crow- 
foot rf,  into  which  the  suspension  bar  e  is  screwed.  The 
parts  are  shown  suspended  in  the  order  in  which  they  go 
together.  When  assembled,  the  canopy  covers  all  the  parts, 
as  shown  in  Fig.  18.  The  position  of  the  lamp  is  indicated 
m  Fig.  23  by  dotted  lines,  and  the  holder,  reflector,  clamps, 
etc.  are  shown. 
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When  the  ceiling  is  fireproof,  the  plate  is  attached  to  it  by 
means  of  expansion  bolts  or  other  suitable  devices;  when 
the  ceiling  plate  is  attached  to  an  outlet  box,  an  insulating 
joint  is  used.     The  auxiliary  can  be  screwed  direct  to  wooden 


FIG.  28 

ceilings  without  the  use  of  a  plate,  but  it  must  be  spaced 
4  inch  from  the  ceiling  by  porcelain  insulators,  and  the 
asbestos  shield  must  not  be  omitted. 

48.     In  Fig.  24  is  shown  a  diagram  illustrating  the  relative 
location  of  the  various  parts  of  two  type  H  lamps.    The 
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auxiliary  of  one  lamp  contains  the  ballast  a,  and  that  of  the 
other  lamp  contains  the  series-resistance  b  (see  also  Fig.  21); 
hence  the  names,  ballast  auxiliary  and  resistance  auxiliary. 
Each  auxiliary  is  provided  with  inductances  c,  d  and  shunt 
resistances  e,  ^,  each  in  two  parts;  also  a  canopy,  shield,  and 
plate  like  the  ones  shown. 

In  assembling  a  pair  of  lamps,  the  canopy  is  first  slid 
down  over  the  suspension  bar,  which  is  then  screwed  tightly 
into  its  auxiliary.  The  two  wires  protruding  from  the  top  of 
the  suspension  bar  are  provided  with  terminal  plugs,  which 
fit  into  holes  in  the  binding  posts  to  which  they  should  be  con- 
nected, the  posts  being  marked  -f  and  — .  In  all  cases,  the 
wire  from  the  positive  end  of  the  lamp  should  be  connected 
to  the  positive  post,  and  the  wire  from  the  negative  end  to 
the  negative  post.  A  wire  connection  is  made  between  the 
posts  marked  B  on  the  ballast  auxiliary  and  the  post  marked 
R  on  the  resistance  auxiliary,  and  the  wires  from  the  supply 
circuit  are  connected  to  the  remaining  posts,  the  positive 
to  the  ballast  auxiliary  and  the  negative  to  the  resistance 
auxiliary. 

The  clamps  holding  the  tubes  should  be  left  loose  enough 
so  that  the  tubes  can  be  turned  easily;  also,  the  tubes  should 
remain  tilted,  as  shown  in  Figs.  18  to  24,  so  that  the  mercury 
will  remain  in  the  cathodes.  It  may  be  necessary  in  some 
cases  to  add  a  small  weight  to  the  cathode  end  to  keep  it  in 
the  lower  position.  

OPERATION 

49.  Before  starting  mercury-vapor  lamps,  it  should  be 
ascertained  that  all  connections  have  been  properly  made. 
The  polarity  of  the  direct-current  lamps  should  be  verified 
with  considerable  care,  as  an  attempt  to  start  with  the  cur- 
rent flowing  in  the  wrong  direction  will  melt  the  end  of  the 
negative  leading-in  wire,  break  the  glass,  and  thus  ruin  the 
lamp.  In  starting,  close  the  main  switch,  pull  down  on 
the  chain  until  all  the  mercury  has  run  from  the  cathode  to 
the  anode  end  of  the  tube;  and  then  allow  the  tube  to  fall 
back  slowly  to  its  normal  position.     When  the  mercury  forms 
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a  continuous  stream  between  the  electrodes,  about  double 
the  normal  running^  current  flows  through  the  lamp,  and 
when  the  stream  is  broken,  the  tube  at  once  becomes  filled 
with  a  glow  of  light. 

In  some  types  of  lamps,  a  magnet  is  so  arranged  that 
when  the  main  switch  is  closed  the  lamp  is  automatically 
tilted.  In  all  cases,  the  tamp,  after  being  tilted,  should 
promptly  return  to  the  normal  position  with  the  cathode  end 
down;  it  should  not  be  permitted  to  bum  long  in  any  other 
position.  The  overload  at  starting  will  injure  the  lamp  if 
maintained  long;  that  is,  if  the  tube  is  held  for  some  time  in 
a  horizontal  position. 

COMPARISON    WITH    OTHER    LIGHT    SOURCES 

50.  The  principal  advantages  claimed  for  the  Cooper 
Hewitt  mercury-vapor  lamp  are  its  high  operating  economy, 
uniform  distribution  of  light,  and  the  ease  of  the  light  to 
work  by.  The  chief  disadvantage  is  the  absence  of  red  rays, 
which  gives  the  light  a  ghastly  greenish  appearance  and  ren- 
ders it  useless  where  colors  must  be  distinguished.  In  such 
light,  red  appears  as  dark  purple,  and  any  color  of  which  red 
is  an  element  is  distorted. 

In  economy,  the  mercury-vapor  lamps  are  much  superior 
to  any  of  the  older  forms  of  electric  lights,  as  may  be  seen 
by  comparing  the  energy  consumption  per  candlepower  of 
the  mercury  lamp  with  that  of  the  incandescent  and  arc 
lamps,  as  already  given.  Less  than  1  per  cent,  of  the 
energy  supplied  to  carbon-filament  incandescent  lamps  is 
converted  into  light,  all  the  remainder  being  converted  into 
heat.  Of  the  energy  supplied  to  mercury-vapor  lamps,  about 
20  per  cent,  becomes  light  and  80  per  cent.  heat.  The  mer- 
cury-vapor lamps  are  therefore  comparatively  cool  and  heat 
up  the  surrounding  air  much  less  than  either  incandescent  or 
arc  lamps  giving  the  same  light  output. 

51.  The  superior  distribution  obtainable  with  tube  light- 
ing is  illustrated,  in  the  case  of  the  mercury-vapor  lamps, 
by  the  lighting  of  presses  in  some  of  the  large  printing 
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establishments.  To  light  such  machinery  with  ordinary  incan- 
descent lamps  requires  the  installation  of  many  lamps  inside 
the  presses.  For  example,  it  was  estimated  that  forty  incan- 
descent lamps  would  be  required  to  illuminate  each  of  four 
large  presses  in  one  office,  and  that  it  would  be  necessary  to 
drill  450  holes  in  the  framework  of  each  press  to  install  the 
necessary  conduits.  In  addition  to  these  lamps,  ten  enclosed- 
arc  lamps  would  have  been  needed  to  give  the  room  suffi- 
cient general  illimiination.  Instead  of  adopting  this  scheme 
of  lighting,  twenty-six  type  H  mercury-vapor  lamps  were 
installed;  the  presses  are  thoroughly  well  lighted  and  no 
holes  in  the  frames  were  necessary.  The  incandescent  and 
arc  lamps  would  have  required  about  15  kilowatts  of  energy; 
the  mercury  lamps  require  about  5.5  kilowatts. 

52.  The  light  from  the  mercury-vapor  lamp  is  easy  on 
the  eyes  for  several  reasons:  it  is  very  steady,  there  being 
no  flicker  or  perceptible  variation  whatever;  the  source  is 
hot  so  dazzling  as  to  cause  the  pupils  of  the  eyes  to  contract 
and  thus  shut  out  the  reflected  light  from  the  objects  it  is 
desired  to  see,  such  as  printed  pages,  drawings,  machinery, 
boxes  or  bales  of  goods,  or  whatever  it  may  be;  the  prevail- 
ing color  of  the  light  is  green,  which  is  best  suited  to  the 
eyes,  while  the  trying  red  rays  are  entirely  absent;  and  as 
the  source  is  distributed,  there  are  few  sharp  contrasts 
between  lights  and  shadows  to  tire  the  eyes  in  making 
continuous  adjustments. 

For  factories,  warehouses,  depots,  offices,  drafting  rooms, 
press  rooms,  reading  rooms,  and  all  places  where  color 
distortion  is  not  objectionable,  this  form  of  light  is  very 
desirable.  Many  attempts  have  been  made  to  use  a  sub- 
stance for  the  cathode  that  will  give  off  all  the  colors  in 
about  the  proportion  that  they  exist  in  sunlight,  but  nothing 
so  desirable  as  mercury  has  yet  been  found. 
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MOORE  lilGHTING  TUBES 

53.  The  Moore  electric  li^I^t  is  a  system  of  artificial 
lighting  in  which  the  source  of  light  is  the  rarefied,  non- 
metallic,  gaseous  contents  of  long  glass  tubes,  made  luminous 
by  the  passage  of  an  electric  current.  The  Moore  tube  can 
be  made  in  many  sizes  and  shapes,  but  usually  it  consists  of 
a  clear  glass  tube  li  inches  in  diameter  and  whatever  length 
is  desired  up  to  200  feet.  The  tube  is  usually  placed  near 
the  ceiling,  the  two  ends  entering  a  small  steel  terminal  box 
placed  in  any  convenient  location. 

54.  Theory  of  the  Moore  Jjlght. — To  explain  the 
theory  of  the  Moore  lamp,  reference  is  made  to  Fig.  25, 
which  shows  the  appearance  of  a  series  of  discharges  of 
electricity  in  air  at  atmospheric  pressure.  If  the  difiEerence 
of  potential  between  two  points  or  terminals  in  open  air  is 
gradually  raised,  sparks  will  finally  jump  from  the  positive 
terminal  across  the  intervening  air  space  to  the  negative 
terminal,  as  shown.     The  path  of  the  discharge  will  not  be 
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a  straight  line,  for  the  electricity  will  seek  the  path  of  least 
resistance,  which  includes  particles  of  dust  that  may  be 
floating  in  the  air.  The  same  tendency  is  seen  when  a 
lightning  discharge  passes  in  a  zigzag  path  from  cloud  to 
cloud  or  from  a  cloud  to  the  earth. 

If  the  two  terminals  are  sealed  in  a  glass  tube  and  the  air 
is  gradually  exhausted  from  the  tube,  a  condition  will  soon 
be  reached  where  the  discharges,  instead  of  following  zigzag 
paths,  as  in  open  air,  will  become  straight  and  continuous  and 
will  fill  the  tube  with  a  glow  of  light.     The  electromotive 


Digitized  by 


Google 


40       MODERN  ELECTRIC-LIGHTING  DEVICES     §55 

force  required  to  cause  the  discharge  changes  as  the  degree 
of  exhaustion,  or  the  pressure,  of  the  air  in  the  tube  changes. 
At  first  the  necessary  electromotive  force  decreases  rapidly 
as  the  pressure  decreases,  but  a  condition  is  soon  reached 
where  the  electromotive  force  is  a  minimum,  and  the  tube  is 
completely  filled  with  a  bright  glow.  If  the  air  pressure  is 
further  reduced,  the  electromotive  force  will  have  to  be 
increased  and  the  light  will  be  less  brilliant.  For  best 
results  as  a  light  source,  therefore,  the  vacuum  in  the  tube 
must  be  maintained  at  a  definite  pressure. 

The  color  of  the  light  emitted  when  the  tube  contains 


Fig.  26 

only  rarefied  air  is  a  rosy  pink,  but  by  introducing  a  small 
quantity  of  a  suitable  gas,  the  color  can  be  made  any  shade 
desired;  the  light,  in  fact,  can  be  made  pure  white.  The 
coloring  gas  soon  becomes  exhausted  and  must  be  frequently 
renewed. 

55.  Moore  Tube  Connections. — Fig.  26  shows  the 
very  simple  connections  of  a  Moore  tube.  The  pressures 
required  are  usually  higher  than  are  practicable  with  direct 
current.  Low-potential  alternating  current,  such  as  is  per- 
mitted by  the  Fire  Underwriters'  rules  to  be  brought  inside 
buildings   for  incandescent  lighting,  is  led  through  fuses 
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and  a  switch  into  a  fireproof  and  dang:er-proof  box  a  and 
through  the  primary  coil  of  a  potential-raising  transformer  d. 
The  secondary  coil  of  the  transformer  terminates  in  carbon 
electrodes  in  the  ends  of  the  tube  cc,  inside  the  box.  No 
wiring  is  necessary,  except  to  bring  the  low-potential  mains 
to  the  box,  thus  making  the  system  very  safe.  Fig.  27 
illustrates  an  interior  view  of  one  of  these  terminal  boxes, 
which  has  been  in  successful  commerical  use  for  several  years. 


Pio.  27 

When  the  main  low-potential  switch  is  closed,  the  tube 
lights  up  immediately  with  a  glow  t*hat  can  easily  be  regu- 
lated, so  that  it  will  give  any  desired  intensity  from 
2  to  25  or  30  candlepower  per  linear  foot  of  tubing.  The 
actual  current  passing  through  the  tube,  assuming  that  it  is 
radiating  15  candlepower  per  foot,  is  about  i  ampere,  vary- 
ing somewhat  with  the  color  of  the  light  desired. 

56.  Vacuum  Regrulator. — The  passage  of  electric  cur- 
rent through  the  tube  in  a  Moore  light  soon  bums  out  the 
small  quantity  of  air  or  other  gas  needed  to  maintain  the 
conductivity,  and  it  is  necessary  to  admit  a  minute  quantity  to 
the  tube  at  intervals,  or  the  current  will  soon  cease  to  flow. 
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The  vacunm  refirulator,  shown  in  section  in  Fig.  28,  is  a 
device  for  automatically  feeding  air  to  the  tube.     The  vac- 
uum  is   maintained   at   a   little   above   the   point   of   least 
resistance;  therefore,  as  the  degree  of  exhaustion  increases, 
the  resistance  decreases  and  the  current  increases. 
The  regulator  consists  of  a  valve  operated  by  an  electro- 
magnet connected  in  series  with  the  pri- 
mary or  the  secondary  of  the  transformer 
feeding  the  tube.     A  porous  carbon  plug  a 
is  sealed  into  the  top  of  a  glass  tube  by 
around  which  is  an  annular  space  filled 
with  mercury  c.     Into  the  annular  space 
extends  a  movable  tube  d,  the  other  end 
of  which  is  attached  to  the  core  e  of  the 
magnet.     As  the  excitation  of  the  magnet 
changes,  the  core  moves  up  or  down,  thus 
moving  tube  d  up  or  down  in  the  mercury. 
The  surface  of  the  mercury  is  thus  lowered 
or  raised. 

Above  the  surface  of  the  mercury  is  a 
space  filled  with  air  or  other  gas,  and  when 
the  tip  of  the  carbon  plug  is  exposed  an 
extremely  small  quantity  of  the  gas  filters 
through  the  plug  and  passes  into  the  light- 
ing tube.  By  means  of  a  stop-cock  /,  the 
regulator  can  be  shut  ofiE  from  the  lighting 
tube.  If  the  tube  is  fed  with  pure  air,  the 
light  will  be  a  rosy  pink;  if  the  air  supply 
is  first  passed  through  phosphorus,  the 
oxygen  is  withdrawn,  leaving  only  nitro- 

gen  to  enter  the  tube,  and  the  light  will 

Fig.  28  xh^vi  be  ycllow,  which  is  the  most  econom- 

ical color;  or,  the  tube  can  be  fed  with  carbon-dioxide  gas, 
generated  by  the  contact  of  a  piece  of  marble  with  a  little 
hydrochloric  acid,  in  which  case  the  light  will  be  pure  white. 
In  operation,  the  valve  acts  about  once  a  minute;  the  cur- 
rent gradually  rises  until  the  valve  acts,  then  gradually  falls, 
as  the  newly  admitted  gas  difiEuses  through  the  tube,  until 
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the  degree  of  exhaustion  beg^ins  to  increase  again,  thus 
working  between  fixed  limits.  No  variation  in  the  brilliancy 
of.  the  tube  can  be  detected,  and  in  spite  of  the  continual 


Pio.  29 


admission  of  new  material,  no  change  can  be  noticed  except 
a  deposit  near  the  electrodes,  and  this  is  very  slight,  even  after 
long-continued  use. 
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57.  Applications  of  the  Moore  Tubes. — Fig.  29  shows 
the  Moore  tube  light  in  the  main-corridor  entrance  to  Madison 
Square  Garden,  New  York  City.  This  tube  is  100  feet  long 
and  is  arranged  in  the  form  of  a  rectangle  hung  near  the 
ceiling. 

In  Fig.  30  is  shown  an  artificial  skylight  for  photographic 
purposes,  made  by  bending  a  Moore  tube  back  and  forth 
over  the  surface  of  a  window-like  box.  This  skylight  is 
located  in  one  of  the  large  New  York  City  photograph 
galleries,  and   after   2,500  hours'    service,  extending  over 


Pig.  30 

li  years,  it  showed  no  change  in  its  conditions  or  its  light 
output,  and  indicates  indefinite  life.  A  modified  form  of  this 
device,  in  which  the  box  carrying  the  tube  is  mounted  in  a 
frame  so  that  it  can  be  adjusted  to  any  angle,  is  used  by 
many  photographers  as  an  artificial  photographic  window. 

Fig.  31  illustrates  an  adaptation  of  a  Moore  tube  to  electric 
advertising,  to  which  it  readily  lends  itself,  as  it  can  be  bent 
into  any  form  desired.  This  form  of  light  is  also  applicable 
to  large  areas  where  uniform  light  is  desired,  such  as  stores, 
offices,  restaurants,  public  halls,  churches,  theaters,  libraries, 
art  galleries,  subways,  and  even  to  street  lighting. 
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The  longer  tubes,  such  as  shown  in  Fig.  29,  are  sent  out 
from  the  factory  in  sections  8  feet  6  inches  long,  and  are 
united  into  one  continuous  air-tight  tube,  being  exhausted 
when  mounted  in  their  permanent  location.  This  makes  the 
system  somewhat  troublesome  to  install,  but  the  expense  is 
less  than  that  of  a  first-class  system  of  incandescent  lighting, 
including  wiring,  fixtures,  and  shades. 


Fig.  31 

58,  Characterlstica  of  Moore  Tubes. — Moore  light- 
ing tubes  require  alternating  current  at  any  of  the  frequencies 
ordinarily  used  for  incandescent  lighting.  If  the  supply 
current  is  direct,  a  motor-generator,  dynamotor,  or  rotary 
converter  must  be  used  to  transform  it  into  alternating  cur- 
rent. Direct  current,  however,  could  be  used  in  the  tube, 
provided  sufficient  voltage  could  be  obtained.  The  voltage 
required  depends  on  the  length  of  the  tube  and  on  the  , 
brilliancy  at  which  it  is  operating.  Curve  a,  Fig.  32,  shows 
the  volts  at  the  tube  terminals  when  operating  at  12  hefners 
per  foot.  A  tube  100  feet  long  requires  about  7,150  volts, 
or  71.5  volts  per  foot;  a  tube  150  feet  long,  about  9,750  volts,  or 
65  volts  per  foot;  and  a  tube  200  feet  long,  12,250  volts, 
or  61.3  volts  per  foot. 
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Curve  by  Fig.  32,  shows  the  low  tension,  or  primary, 
amperes  at  220  volts  for  different  lengths  of  tube  operating 
at  12  hefners  per  foot,  and  curve  c  shows  the  total  energy 
in  kilowatts.  Since  the  supply  voltage  remains  constant 
and  the  energy  supply  increases  with  the  length  of  tube,  the 
primary  amperes  must  increase. 

59.  The  brilliancy  of  the  tube  in  the  Moore  light 
increases  slightly  during  the  first  100  hours  of  service,  and 
after  that  remains  fairly  constant  with  constant  voltage.    The 
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Fig.  32 

light  output  increases  about  in  direct  proportion  to  the 
increase  in  voltage,  and  the  tube  is  not  injured  by  a  consid- 
erable variation  of  voltage.  The  greatest  brilliancy  at  which 
•  the  tube  can  be  made  to  bum  (about  30  candlepower  per 
linear  foot)  is  not  great  enough  to  strain  the  eyes  when 
looking  directly  at  it. 

The  efficiency  of  the  tube  also  increases  during  the  first 
100  hours  of  service,  but  afterwards  there  is  no  apparent 
change  during  the  life  of  the  lamp,  provided  the  voltage 
remains  constant.  Increased  voltage  causes  not  only  increased 
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brilliancy,  but  also  increased  efficiency.  The  efficiency  of  long 
tubes  is  greater  than  that  of  short  ones.  Curve  d,  Fig.  32, 
shows  the  relation  existing  between  the  length  of  a  tube  and 
its  consumption  of  power  at  12  hefners  per  foot.  A  tube 
50  feet  long  consumes  about  2  watts  per  hefner  unit;  a  tube 
100  feet  long,  1.6  watts  per  unit;  a  tube  150  feet  long, 
1.35  watts  per  unit;  etc.  Recent  tests  made  on  a  179-foot 
tube  that  had  been  in  use  1,000  hours  showed  a  power  con- 
sumption of  1.35  watts  per  hefner,  at  a  brilliancy  of  13  hefners 
per  foot  of  tube.  This  tube  was  giving  an  orange-tinted 
light;  when  producing  white  light,  the  efficiency  is  lower. 
The  power  consumptions  here  given  include  that  of  the 
transforming  device. 

Among  the  objections  to  the  Moore  tube  are  the  fact  that 
it  can  be  used  efficiently  only  in  large  units  and  its  low  power 
factor — 60  to  75  per  cent.  In  many  installations,  the  first 
objection  is  not  serious,  since  the  demand  for  large  units, 
especially  those  having  a  distributed  light  source,  is  greater 
than  that  for  small  ones;  the  second  may,  perhaps,  be  largely 
removed  with  further  developments. 


FLAMING-ARC   LAMPS 

60.  Up  to  1894,  the  only  arc  lamps  used  in  the  United 
States  were  of  the  open-arc  type.  During  the  succeeding 
10  years  enclosed-arc  lamps  came  into  general  use  and  grad- 
ually, with  the  exception  of  a  few  isolated  cases,  displaced 
open-arc  lamps.  Many  varieties  of  enclosed-arc  lamps  are 
in  use,  most  of  them  differing  from  one  another  only  in 
mechanical  details.  There  are  differences  in  the  methods  of 
making  up  magnet  coils  and  resistances,  of  insulating  the 
electric  circuits,  adjusting  and  regulating  the  arc,  enclosing 
the  arc,  etc.,  but  the  general  principles  on  which  nearly  all 
enclosed-arc  lamps  operate  are  practically  the  same. 

The  chief  reason  for  displacing  the  old-style  open-arc 
lamps  was  the  superior  steadiness  and  quality  of  the  light 
furnished  by  the  enclosed-arc  lamps,  though  the  decreased 
cost  of  repairs  and  maintenance  of  the  newer  lamps  was  an 
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important  consideration,  especially  in  countries  where  labor 
costs  are  high. 

.61.  Theory  of  Flaming- Arc  Ijamps. — All  attempts  to 
operate  the  old-style  open-arc  lamps  with  an  arc  longer  than 
about  8  inch  resulted  in  a  waste  of  energy.  The  additional 
power  required  to  force  the  current  through  the  longer  arc 
was  expended  in  a  stream  of  hot  gases,  with  but  little 
increased  light  and  greatly  increased  flaring  and  unsteadi- 
ness. The  idea  of  inserting  in  the  stream  of  hot  gas  a  sub- 
stance that  would  be  heated  to  incandescence,  and  that  would 
at  the  same  time  so  increase  the  conductivity  of  the  gas  that 
the  arc  would  remain  steady,  is  an  old  one,  but  only  within 
recent  years  has  it  been  made  practicable. 

It  has  been  found  that  if  the  carbons  are  impregnated  with 
suitable  mineral  salts,  the  heat  of  the  arc  will  vaporize  the 
salts  and  heat  the  vapor  to  incandescence.  Tin  electrodes 
can  then  be  drawn  farther  apart,  producing  a  luAinous  arc 
from  f  to  2i  inches  long.  The  color  of  the  light  tim  such 
an  arc  can  be  controlled  to  a  considerable  extent  by  tft  selec- 
tion of  the  salts  with  which  the  carbons  are  impreg^ted. 
The  salts  most  commonly  used  are  those  of  calciutiind 
magnesium.  Lamps  using  such  carbons  and  producing  tb 
arcs  are  usually  called  flaming-arc  laipps;  a  more  neJ 
correct  designation,  also  sometimes  used,  is  lumlnous-a 
lamps. 

When  the  carbons  burn,  the  salts  are  converted  into  vapoi 
which  not  only  becomes  incandescent,  thus  making  the  arc  a . 
brilliant  flame  of  light,  but  also  affords  a  path  of  compara-\ 
tively  low  resistance  between  the  electrodes,  so  that  the  arc  " 
is  much  more  steady  than  with  pure  carbons.     The  burning 
is  accompanied  by  the  production  of  noxious  fumes,  a  con- 
siderable quantity  of  ashes,  and  particles  of  slag,  or  scoria. 
The   fumes   render   such  arcs  somewhat  objectionable   for 
indoor  use,  except   in   the   small   sizes,  and   also    prevent 
enclosing  the  arc.     The  ashes  are  deposited  largely  on  parts 
of  the  lamp  immediately  above  the  arc,  and  being  white, 
assist  in  reflecting  the  light  downwards. 
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62.  Description  of  Flaming-Arc  Lamp. — If  both 
carbons  are  impregnated  and  are  arranged  coaxially,  that  is, 
with  the  positive  carbon  above  the  negative,  as  in  ordinary 
arc  lamps,  the  scoria  forms  on  the  end 

of  the  lower  carbon  as  a  hard  bead, 
w^hich  hinders  the  flow  of  current.  To 
prevent  this,  one  inventor  has  placed 
almost  all  the  impregnating  salts  in  the 
positive  carbon,  which  is  made  the  lower 
electrode  in  the  lamp;  the  scoria  then 
drops  harmlessly  away  irom  the  elec- 
trodes. The  arc  in  such  lamps  is  drawn 
to  about  f  inch  and  has  the  appearance 
shown  in  Fig.  33. 

63.  In  most  flaming-arc  lamps,  the 
carbons  are  arranged  side  by  side  and 
are  slightly  inclined  so  that  the  lower 

ends  approach  each  other  at  an  acute  ^'®'  ^ 

angle,  as  in  Fig.  34.     All  scoria  then  drops  away  from  the 
carbons  as  soon  as  formed.     In  direct-current  lamps,  the 
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positive  carbon  is  slightly  larger  than  the  negative,  so  that 
both  burn  away  at  nearly  the  same  rate;  in  alternating-current 
lamps,  both  carbons  are  the  same  size. 
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The  arc  assumes  the  form  shown  in  Fig.  35;  its  natural 
tendency  is  to  pass  across  the  shortest  space  between  the 
electrodes,  but  it  is  prevented  from  doing  so  and  is  made  to 
bow  downwards  from  the  carbon  tips  by  magnets,  which  cause 
lines  of  force  to  pass  across  the  path  of  the  arc.  The  arc  is 
thus  forced  in  the  same  direction  as  would  be  a  conductor 
carrying  a  current  through  the  same  field  in  the  direction  the 
current  is  flowing  through  the  arc.  By  varying  the  strength 
of  the  magnetic  field,  the  arc  can  be  made  to  assume  the 
form  desired. 

64.  In  the  ordinary  arc  lamp,  a  large  part  of  the  light 
comes  from  the  incandescent  carbon  tips,  especially  from  the 
crater  in  the  positive  carbon.  If  the  carbons  are  arranged 
coaxially,  much  of  the  light  from  the  carbon  tips  is  cut  off 
by  the  lower  carbon;  if  both  carbons  feed  downwards,  as  in 
Fig.  35,  there  is  nothing  to  interfere  with  the  downward 
passage  of  all  the  light  from  both  carbon  tips,  as  well  as  that 
from  the  flame.  About  three-fourths  of  the  light  from  a 
flaming-arc  lamp  comes  from  the  flame  itself;  the  remainder, 
coming  from  the  incandescent  carbon  tips,  contains  an  excess 
of  violet  rays,  which  improve  the  general  quality  of  the  light. 

65.  If  permitted  to  enter  the  top  of  the  lamp  freely,  the 
fumes  and  ashes  from  the  impregnated  carbons  would  be 
injurious  to  the  mechanism.  Moreover,  in  order  to  prevent 
too  rapid  consumption  of  the  carbons,  it  is  necessary  to 
shield  the  arc  as  much  as  possible  from  air-currents.  An 
economizer,  that  is,  a  chamber  made  of  a  material  not 
easily  affected  by  heat  (see  Fig.  34),  surrounds  as  much  of 
the  arc  as  is  necessary  to  shield  it  from  air-currents,  and  affords 
a  surface  on  which  most  of  the  mineral  vapor  is  condensed. 


EXCEIiliO  FliAMING-ARC  IjAMP 
66.  Excello  Direct-Current  LAmp. — All  flaming-arc 
lamps  have  many  points  of  resemblance.  Most  of  those  first 
developed  are  made  in  Europe  and  have  somewhat  com- 
plicated regulating  mechanism.  Fig.  36  shows  the  prin- 
cipal electrical  connections  and  mechanical  details  of  the 
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Mathleson  direct-current  lamp  sold  in  the  United  States 
under  the  trade  name  Excello.  A  shunt  magnet  a  and  a  series 
magnet  h  are  arranged  at  right  angles  to  each  other,  and 
between  them  is  an  armature  c  pivoted  at  d  and  having  arms 
e  and  /.  When  current  is  switched  on  to  the  lamp,  the  shunt 
magnet  a  is  excited 

and  armature  c  moves       !  ^' 

toward  it, lifting  arm/ 
against  the  retarding 
influence  of  the  dash- 
pot  g.  Attached  to 
arm  /  is  a  rod  hy  the 
lower  end  of  which  is 
fastened  to  a  slider  /. 
When  the  rod  is 
raised,  the  slider, 
through  which  the 
negative  carbon 
passes,  is  drawn  hori- 
zontally toward  the 
positive  carbon  and 
the  carbon  tips  are 
brought  together, 
closing  a  circuit  be- 
tween the  two  lamp 
terminals  through 
magnet  b  and  the  car- 
bons. A  momentary 
starting  current  40  per 
cent,  in  excess  of  nor- 
mal value  causes  the 
series   magnet   ^   to  „     „, 

*•  Fig.  86 

overpower  magnet «, 

and  armature  c  is  drawn  back,  the  rod  h  lowered,  and  the 
slider  /  shifted  outwards  in  a  horizontal  plane,  thus  separa- 
ting the  carbons  and  starting  the  arc.  The  current  imme- 
diately drops  to  normal  value.  Armature  c  then  remains 
floating  between  the  series  and  shunt  magnets. 

46B— 36 
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As  the  ends  of  the  carbons  bum  away  and  increase  the 
length  of  the  arc,  the  shunt  magnet  a  becomes  stronger 
until  armature  c  is  drawn  over  so  far  toward  a  that  the  arm  e 
causes  the  detent  k  to  release  the  feeding  gear.  This  gear 
consists  of  wheels  and  pinions  controlling  the  movements  of 
drum  /,  around  which  is  coiled  the  chains  that  support  the 
carbons.  When  the  carbons  have  fallen  until  the  arc  is  again 
shortened  to  the  proper  length,  armature  c  is  drawn  back 
automatically  until  the  detent  k  arrests  the  movement  of  the 
gear.  As  the  carbons  fall,  a  detent,  or  tripping  pin,  attached 
to  a  third  chain  passing  over  the  drum  /  gradually  rises  in 
the  center  tube,  and  when  the  carbons  are  consumed  the  pin 
has  reached  the  position  py  where  it  raises  the  stud  q  and 
opens  the  switch  m  in  series  with  the  shunt  magnet  a. 
Armature  c  is  instantly  drawn  to  its  extreme  position  toward 
magnet  ^,  forcing  the  slider  /  over  so  that  the  carbons  are 
separated  as  far  as  possible,  and  the  arc  is  broken.  Coil  ^, 
in  series  with  the  arc,  supplies  the  magnetism  required  to 
keep  the  arc  blown  down  to  the  ends  of  the  carbons.  The 
higher  voltage  lamps  have  an  additional  blow-out  coil  n  in 
series  with  a  switch  o  across  the  circuit.  While  the  lamp 
is  operating,  the  shunt  magnet  a  attracts  the  rear  end  cf  of 
the  switch,  which  is  thereby  held  open;  as  soon  as  magnet  a 
is  cut  out,  switch  o  closes  and  coil  n  assists  in  blowing  out 
the  arc. 

67.  Bxcello  AltematlnflT-Current  Lamp. — In  Fig.  37 
is  shown  the  arrangement  of  the  wiring  and  mechanism  in 
an  alternating-current  lamp.  A  shunt  magnet  a  is  con- 
nected directly  across  the  lamp  terminals  through  the 
switch  w,  while  a  magnet  b  is  connected  in  series  with  the 
blow-out  coil  b'  and  the  arc,  these  connections  being  similar 
to  those  of  the  direct-current  lamp.  A  copper  disk  c  is 
arranged  to  rotate  near  the  poles  of  magnets  a  and  b. 
Alternating  magnetism  in  the  poles  sets  up  eddy  currents  in 
the  disk,  and  the  reaction  between  these  currents  and  the  mag- 
netism causes  the  disk  to  rotate,  the  direction  of  rotation 
depending  on  the  relative  strength  of  the  magnets.     When  the 
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lamp  is  ready  for  operation,  the  carbon  ends  are  in  contact, 
and  when  the  lamp  is  switched  on  to  the  circuit — the  resistance 
through  coils  b,  b'  and    ^  ^ 

the  carbons  being  low  -^ — r 
— a  considerable  cur- 
rent flows,  and  series 
magnet  b  is  strongly 
excited.  This  causes 
wheel  c  to  rotate  in  a 
direction  to  wind  the 
chains  on  the  drum  / 
and  draw  the  carbons 
apart,  thus  striking  the 
arc.  The  voltage 
across  the  arc  soon 
causes  the  shunt  mag- 
net a  to  become  ex- 
cited enough  to  balance 
the  effect  of  the  series 
magnet  b  on  the  rota- 
ting disk,  which  there- 
fore comes  to  rest  with 
the  proper  length  of 
arc.  The  two  mag- 
nets act  differentially 
on  the  disk  while  the 
lamp  is  operating  and 
automatically  keep  the 
arc  adjusted.  When 
the  carbons  are  burned 
out,  the  pin  on  piston^ 
lifts  the  stud  q  and 
opens  the  switch  m  in  the  shunt  circuit;  the  series  magnet  at 
once  causes  the  carbons  to  be  separated  so  far  that  the  arc  is 
broken. 

68.     Uxcello  Lamp  Economizer. — Fig.  38  {a)  shows 
a  view  of  the  economizer  a  and  the  carbon  tips  while  the  arc 
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is  burning;  ^  is  a  blow-out  coil,  consisting  of  a  few  series- 
turns  to  hold  the  arc  down  on  the  carbon  tips  and  a  number 
of  auxiliary  shunt  turns  that  are  used  only  to  help  blow  out 
the  arc  when  the  carbons  are  consumed.  Rods  c^  c  are  a 
part  of  the.  framework  of  the  lamp,  and  d,  d  are  the  carbons. 
Fig.  38  (^)  shows  the  position  of  the  carbon  ends  when  they 
bave  been  automatically  separated  and  the  arc  disrupted. 


Pio.  38 

Suitable  ventilating  holes  are  provided  around  the  econo- 
mizer for  the  escape  of  gases,  and  the  pan  underneath  the 
globe  (not  shown)  contains  holes  to  admit  the  air  needed 
by  the  arc.  The  globe  surrounds  the  arc  and  fits  tightly 
inside  the  rim  e.  All  the  lamp  mechanism  is  housed  as  com- 
pletely as  possible,  to  protect  it  not  only  from  the  weather, 
in  case  of  outdoor  lamps,  but  also  from  the  fumes  of  the 
lamp. 
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THE  BECK  liAMP 

69.  Fig.  39  (a)  and  (d)  are  front  and  rear  views  of  the 
interior  of  a  Beck  direct-current  flaming-arc  lamp,  with 
resistance  on  spools  /^  such  that  the  lamp  can  be  operated 
singly  on  a  110-volt  circuit.  Without  the  resistance,  this 
lamp  is  suitable  for  use  on  from  65  to  66  volts,  two  in  series 
on  from  110  to  120  volts,  or  four  in  series  on  from  220  to  240 
volts.  The  resistance  may  be  connected  in  either  the  posi- 
tive or  the  negative  line.  Assuming  that  it  is  in  the  positive 
line,  the  current  passes  through  the  resistance  and  enters  the 

positive  terminal  of  the 
lamp,  through  which  it 
takes  the  following  path: 
positive  cable  a,  carbon 
holder  d,  and  carbon  ^- 
arc  r-negative  carbon  ^, 
holder  d\  and  cable  f 
[shown  only  in  (^)]-arc 
blow-out  coil  /-lifting 
magnet  ^-arc  blow-out 
coil  /'-cable  h,  to  the  neg- 
ative terminal. 

Fig.  40  is  a  view  of  the 
bottom  of  the  lamp,  show- 
ing the  economizer  A  and 
the  carbon  tips  as  they 
rest  together  when  the 
^^°-  ^®  lamp   is   ready   for  oper- 

ation. When  the  current  is  switched  on,  the  magnet  g. 
Fig.  39  (a),  lifts  the  rod  z\  Fig.  39  (d),  which  turns  the 
casting  j  on  the  pivot  k,  causing  the  pin  /  to  move  the 
casting  m  and  its  attached  porcelain  piece,  through  which 
the  negative  carbon  passes,  away  from  the  positive  carbon, 
thus  striking  the  arc.  A  dashpot  ^'  steadies  the  movements. 
The  rods  Uy  n  are  so  fastened  in  the  top  of  the  lamp  as  to 
allow  them  to  swing  outwards  at  the  bottom.  While  the 
lamp  is  operating,  some  of  the  magnetism  produced  by  the 
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blow-out  coils  /,  /  follows  down  the  side  rods  to  the  bottom 
of  the  lamp,  and  enough  of  it  crosses  the  space  between  the 
carbon  tips  to  force  the  arc  down,  so  that  it  forms  a  bow,  or 
inverted  arch,  between  the  tips. 

70.     Running  the  whole  length  of  one  side  of  the  positive 
carbon  is  a  rib  that  rests  on  a  cone-shaped  metal  wheel  Oy 
Figs.  39  and  40.     This  rib  burns  to  a  fine  point  where  it  rests 
on  the  wheel,  gradually  crumbles  off,  and  allows  the  carbon 
to  drop  slowly.     The  two  carbon  holders  are  connected  by 
a  chain,  as  shown  diagrammatically  in  Fig.  41. 
The  chain  is  insulated  from  each  holder  and 
passes  around  two  pulleys  p,  p^ — one  in  the  top 
of  the  lamp  and  one  in  the   bottom.     When 
the  ribbed  carbon  drops,  the  chain  moves  over 
the  pulleys  and   permits  the  other  carbon  to 
drop  an  equal  amount,  so  that  the  two  feed 
down  together. 

When  the  carbons  are  burned  as  short  as 
they  can  be  without  injuring  the  lamp,  a  pro- 
jection on  the  positive  holder  pushes  the  neg- 
ative holder  to  its  extreme  outward  position, 
making  the  arc  as  long  as  possible,  after  which 
the  projection  q,  Fig.  39  (a),  on  the  positive 
holder  touches  the  contact  piece  r,  which  is 
connected  through  the  fuse  5  and  cables  /  and  h 
to  the  negative  terminal  of  the  lamp.  This 
short-circuits  the  lamp,  puts  out  the  arc,  and  at 
the  same  time  blows  the  fuse.  As  the  carbons 
are  held  apart,  the  arc  cannot  start  again. 

A    sheet-metal    casing    encloses    the    lamp  ^ 

mechanism,  and  a  large  translucent  globe  sur- 
rounds the  arc  and  protects  it  from  air-currents.  The  size 
and  appearance  of  the  completed  lamp"*  do  not  differ 
materially  from  those  of  ordinary  arc  lamps.  The  alter- 
nating-current lamps  operate  on  the  same  general  principles 
as  the  direct-current  lamps,  very  few  minor  changes  being 
necessary. 
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CHARACTERISTICS  OP  PIjAMING-ARC  LAMPS 

71.  Impregrnated  Carbons. — The  Impregrnated  car- 
bons used  in  nearly  all  flaming-arc  lamps  consist  of  three 
zones,  or  layers:  (1)  An  inner  soft  ccJre  made  of  a  mixtore 
of  carbon  and  salts  of  calcium,  magnesium,  or  whatever 
metal  is  required  to  give  the  desired  color;  (2)  a  layer  of 
the  same  materials  more  firmly  compressed;  (3)  an  outer 
layer  of  firmly  compressed  pure  carbon,  giving  mechanical 
strength  to  the  whole.  In  some  cases,  in  order  to  reduce 
the  resistance,  the  carbons  have  a  metallic  core.     Fig.  42 


PiO.  42 

shows  a  pair  of  carbons,  such  as  used  in  the  Excello  lamps, 
broken  in  pieces  to  show  the  metallic  core. 

The  impregnated  carbons  used  in  flaming-arc  lamps  are 
expensive  and  they  last  only  from  about  8  to  20  hours, 
according  to  their  length  and  the  quantity  of  current  in  the 
arc.  If  used  for  street  lighting,  it  is  necessary  to  trim  most 
flaming-arc  lamps  about  every  day,  as  was  done  with  the 

TABLE   III 
COMPARATIVE    LAMP    TESTS 


Comparisons 


Plaining    Enclosed 
Arc  Arc 


Mean  amperes      

Mean  volts  at  the  arc 

Mean  watts  at  the  arc 

Mean  spherical  candlepower 

Mean  lower  hemispherical  candlepower 
Watts  per  mean  spherical  candlepower  .    . 
Watts  per  mean  hemispherical  candlepower 
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old-style   open-arc   lamps.      The   cost  for  maintenance   is 
therefore  high.     Some  lamps  have  been  arranged  with  a 
magazine  holding  a  number  of  car- 
bons in  such  a  way  that  as  soon  as 
one  pair  is  exhausted  another  pair  is 
automatically  substituted. 

72.  Candlepower  and  Distri- 
bution.— The  data  given  in  Table  III 
are  from  tests  made  by  the  Electrical 
Testing  Laboratories,  New  York  City, 
on  a  flaming-arc  lamp  (the  Excello) 
and  on  a  direct-current  enclosed-arc 

5  Pio.  48 

lamp. 

The  distribution  of  light  as  determined  by  the  tests  just 
mentioned  is  illustrated  graphically  in  Fig.  43.  The  arcs  of 
circles  represent  the  intensity  of  the  light  in  candlepower. 


Fio.  44 

as  shown  by  the  figures  along  the  left-hand  margin.  The 
center  0  shows  the  position  of  the  lamps,  while  the  full-line 
curve  a  represents  the  light  given  off  by  the  flaming  arc, 
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and  the  dotted  curve  b,  that  given  off  by  the  enclosed  arc. 
The  two  curves  have  the  same  general  shape,  showing  that 
the  light  is  distributed  from  both  lamps  in  very  much  the 
same  way;  but  the  flaming  arc  gives  off  nearly  six  times  as 
much  light  as  the  enclosed  arc.  The  maximum  light  from 
the  flaming  arc  is  given  off  in  the  angular  space  between 
30°  and  75°  below  the  horizontal,  and  decreases  slightly 
directly  under  the  lamp.  The  flaming-arc  lamp  had  an 
opalescent  globe,  and  the  enclosed-arc  lamp  had  an  opales- 
cent inner  globe  but  no  outer  globe. 

The  distribution  of  light  from  a  flaming-arc  lamp  with 
downward-feeding  carbons  and  no  globe  is  shown  by  curve  a. 
Fig.  44.  Curve  b  shows  the  distribution  and  the  relative 
intensity  of  light  from  an  old-style  open-arc  lamp,  and 
curve  c  the  corresponding  quantities  for  an  enclosed-arc  lamp. 

73.  The  effect  of  impregnating  the  carbons  with  differ- 
ent  light-producing   minerals  is  shown    in    Fig.  45.     The 

same  lamp  with  dif- 
ferent sets  of  carbons 
was  used  for  each 
curve,  and  the  lamp 
consumed  the  same 
power  in  each  case. 
The  white  light, 
curve  a ,  was  produced 
at  an  expenditure  of 
1.202  watts  per  spher- 
ical candlepower;  the 
^'^'  ^  red  light,  curve  by  at 

1.03  watts;  and  the  yellow  light,  curve  c,  at  .716  watt. 
These  curves  were  taken  with  an  alternating-current  lamp 
consuming  578  watts. 
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CARBONS  ARC  I/AMPS 

74.     The  Carbone  arc  lamp  is  the  result  of  an  attempt 
to  secure  with  pure  carbons  the  advantages  of  downward- 
feeding  inclined  carbons  and  also  freedom  from  interference 
with  light  reflection  from  the  carbon  tips.     From  80  to  90 
volts  are  used  across  the  arc,  which  is  forced  down  to  the 
carbon  tips  by  suitably  arranged  magnets.     Fig.  46  shows 
the  position  of  the  electrodes  a  and 
the  magnets  b,  b  for  steadying  the  arc. 
Most  of  the  magnetism  traverses  the 
iron  ring  c,  but  holes  d^  d  increase  the 
reluctance  of  the  ring,  that  is,  its  oppo- 
sition to  the  passage  of  magnetism, 
and  enough  lines  of  force  leak  across 
from  one  side  of  the  ring  to  the  other 
to  cause  the  arc  to  spread  out  and  « 

bow  downwards  in  the   form   of   a  ^**-  *• 

spherical  segment.    An  economizer  fits  inside  the  iron  ring  c 
around  the  carbon  tips. 

Considerable  advantage  is  obtained  over  the  ordinary  arc 
lamp,  and  although  the  efficiency  is  not  so  high  as  with 
impregnated  carbons  in  the  flaming-arc  lamp,  the  Carbone 
lamp  has  the  advantage  of  using  very  much  cheaper  car- 
bons. Table  IV  gives  comparative  results  in  hemispherical 
candlepower. 

TABLE    IV 

COMPARISON    or    VARIOUS    ARC    LAMPS 


Type  of  Lamp 

Candlepower 
per  Ampere 

Candlepower 
per  Watt 

Watts  per 
Candlepower 

Ordinary  open  arc  .    . 
Enclosed  arc    ...    . 
Carbone  arc     .... 
Impregnated  -  c  a  r  b  o  n 
arc      

82 

55 

200 

259 

1.54 
0.77 
2.24 

5.78 

.65 

1-3 
.445 

.173 
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MAGNETITE  liUMINOUS-ARC  liAMP 

75.  In  any  electric  arc,  the  material  that  supports  the  arc 
issues  from  the  negative  electrode  as  a  high-velocity  arc 
blast,  which  strikes  the  positive  electrode  and  heats  it. 
Unless  the  positive  electrode  is  large  enough  to  conduct  this 
heat  away,  it  may  get  hotter  than  the  negative  electrode,  as 
is  the  case  with  ordinary  arc  lamps,  in  which  the  positive 
carbon  is  burned  away  nearly  twice  as  fast  as  the  negative 
carbon.  The  size  of  the  positive  electrode  may  be  made 
such  that  it  will  wear  away  but  very  little;  if  too  large, 
the  material  from  the  negative  electrode  will  be  deposited 
on  it. 

The  magrnetite  luminous-arc  lamp  developed  by  the 
General  Electric  Company  has  a  copper  positive  electrode 
large  enough  to  be  practically  unaffected  by  the  arc;  also  a 
negative  electrode,  made  up  by  packing  in  thin  iron  tubes, 
8  inches  long  by  I  inch  diameter,  very  finely  divided 
magnetite,  or  black  oxide  of  iron,  in  which  are  mixed  small 
quantities  of  salts  of  chromium,  titanium,  etc.  Pure  mag- 
netite does  not  give  such  high  efficiency  nor  produce  so 
steady  an  arc  as  that  containing  the  other  salts  mentioned. 

76.  In  Fig.  47  {a)  is  shown  a  luminous-arc  lamp  com- 
plete, and  in  (^),  the  interior  with  the  globe  and  casings 
removed.  At  a  is  shown  the  series  magnet;  b,  the  shunt 
magnet;  c,  the  starting  magnets  (one  directly  back  of  the 
other);  d,  the  dashpot;  e,  the  adjusting  armature  disk,  for 
regulating  the  frequency  of  the  automatic  arc  adjustments; 
/,  an  adjustable  stop,  for  regulating  the  length  of  the  arc; 
g,  the  starting  resistance,  of  which  there  are  several  spools; 
h,  an  iron  box,  through  a  slot  in  which  extends  the  positive 
electrode  / — a  copper  bar;  y,  the  negative  electrode;  k^  the 
tripping  rod;  and  /,  a  central  tube,  or  chimney,  for  discharging 
the  gases  from  the  arc  out  of  the  top  of  the  lamp.  These  lamps 
are  used  only  with  direct  current,  either  in  series  on  constant- 
current  circuits  or  in  multiple  on  constant-potential,  llO-  or 
220-volt  circuits. 
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(a)  (h) 
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77.     Fig.  48  is  a  diagram  of  connections  of  a  constant- 
current    luminous-arc   lamp.     When  the   lamp  is  idle, 

tHe  carbon  blocks  m 
are  in  contact,  and 
when  the  current  is 
switched  on,  it  takes 
the  path  from  the 
positive  terminal 
through  the  starting 
resistance  ^-the  car- 
bon blocks  wj-and  the 
starting  magnets  r, 
to  the  negative  ter- 
minal. The  starting 
magnets  lift  their 
armature  n,  thus  rais- 
ing the  negative  elec- 
trode j  until  it  makes 
contact  with  the  posi- 
tive  electrode  /.  The 
^^v:dll  larger  part  of  the  cur- 

i^o-  ^8  rent  then    takes   the 

path  from  the  positive  terminal  through  the  series  magnet  a 
and  the  electrodes  to  the   negative   terminal.     The  series 
magnet  lifts  its  armature  and  separates  the 
carbon  blocks,  thus  cutting  the  shunt  mag- 
net b  into  circuit  in  series  with  the  starting 
resistance  and  the  starting  magnets.     When 
the  carbon  blocks  separate,  the  addition  of 
the  resistance  of  the  shunt  magnet  to  the 
circuit    through    the    starting    magnets    so 
weakens  them   that   the   armature  n  drops 
back  instantly  about  A  inch  and  then  slowly, 
as  the  dashpot  retards  the  motion,  until  the 
arc  is  about  i  inch  long  and  has  the  appear- 
ance shown  in  Fig.  49.     The  flame  is  very  ^®-  *® 
brilliant  and  the  light  nearly  white.     This  lamp  has  proven 
very  successful  for  street  illumination. 
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78.  The  voltage  across  the  lamp  terminals  at  the  start  is 
about  75.  As  the  arc  lengthens,  owing  to  the  burning  away 
of  the  negative  electrode,  the  voltage  gradually  rises  until  it 
reaches  a  fixed  limit,  when  the  shunt  magnet  acts  to  close 
the  carbon  contacts,  thus  short-circuiting  the  shunt  magnet 
and  permitting  the  starting  magnet  to  again  adjust  the  arc. 
This  feeding  occurs  about  once  every  hour. 

Each  negative  electrode  lasts  from  150  to  200  hours;  a 
positive  electrode  lasts  about  4,000  hours.     There  is  some 
residue  from  the  burning,  most  of  which  falls  into  a  tray  in 
the  bottom  of  the  globe. 
This  tray  should  be  cleaned 
and  the  globe  brushed  out 
at  each  trimming;  also,  the 
center  tube  should   be 
cleaned  by  running  a  small 
brush  through  it. 

The  constant-current 
luminous-arc  lamps  con- 
sume about  320  watts  and 
give  off  about  400  spherical 
candlepower,  the  specific 
consumption  being  about 
.8  watt  per  candlepower. 
The  output  of  light  is 
slightly  greater  than  that 
of  a  340-watt  open-arc  lamp 
or  a  460-watt  enclosed-arc 
lamp,  and  the  distribution 
is  better. 

In  a  later  type  of  mag- 
netite luminous-arc  lamp, 
the  positive  electrode, 
consisting    of    convoluted  '®*  ^ 

strips  of  laminated  copper  and  iron,  forms  the  stationary 
lower  element  of  the  lamp,  and  the  magnetite  tube,  which 
is  connected  to  the  negative  lamp  terminal,  forms  the 
upper  element.     The  feed  is  downwards,  which  somewhat 
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simplifies  the  lamp  mechanism.     Better  light  distribution  is 
also  obtained. 

79.  Aatomatic  Mercury- Vapor  liamp. — The  Cooper 
Hewitt  type  P  lamp  is  so  constructed  that  on  closing  the 
switch  it  will  operate  without  the  necessity  of  tilting  the 
tube.  In  Fig.  50  is  shown  the  lamp  mechanism,  and  in 
Fig.  51  the  connections  of  the  operating  devices.  Corre- 
sponding parts  in  the  two  figures  are  lettered  the  same.  In 
Fig.  50,  a  is  the  ceiling  plate;  by  the  insulating  joint;  c-\-  and 
c—  ,  Figs.  50  and  51,  are  the  lamp  binding  posts;  d,  a.  resist- 
ance coil;  ^,  the  shifter,  or  circuit  interrupter;  /  and  /',  the 
inductance  coils;  ^,  the  ballast;  and  A,  an  armature,  which  is 
drawn  toward  /,  /^  when  these  coils  are  energized. 

The  positive  lamp  terminal  ^-h,  Fig.  51,  is  connected  to 
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terminal  1  or  terminal  2  on  the  resistance  coil,  depending  on 
the  voltage  of  the  circuit.  The  shifter  consists  of  a  glass 
vessel  containing  two  electrodes,  which  are  connected  by 
mercury  when  the  lamp  is  not  operating.  This  vessel  is 
mechanically  connected  to  armature  k  and  is  rotated  on  its 
axis  when  k  is  drawn  up;  an  indentation  in  the  glass  vessel 
then  divides  the  mercury  stream  into  two  separate  bodies 
and  the  rotation  also  causes  the  mercury  to  fall  away  from 
the  contacts,  thus  opening  the  circuit  through  the  shifter. 
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The  lamp  is  started  as  follows:  Close  the  switch;  current 
now  flows  from  c+  through  1  or  2-3-4-e-5-f-f-g'-c^.  The 
inductance  coils  are  energized  and  armature  k  is  drawn  up, 
thus  rotating  shifter  e,  breaking  the  circuit  through  the 
shifter,  and  impressing  a  high  electromotive  force,  due  to 
the  kick  of  the  inductance  coils  /,  /^  on  the  lamp  tube  termi- 
nals. The  positive  side  of  the  lamp  mechanism  is  connected 
to  the  positive  tube  terminal  by  path  6-7-8,  and  to  a  starting 
band,  consisting  of  a  metallic  coating  painted  on  the  outside 
of  the  enlarged  chamber  on  the  tube,  by  path  6-7-9-10. 
The  negative  side  of  the  lamp  mechanism  is  connected  to 
negative  tube  terminal  11.  The  high  electromotive  force  set 
up  between  8  and  11  y  and  10  and  11  overcomes  the  resistance 
between  the  tube  terminals  and  starts  the  arc.  The  starting 
band  assists  by  concentrating  the  stress,  due  to  the  kick  of 
the  inductance  coils,  at  the  surface  of  the  mercury  in  the 
negative  electrode,  thus  causing  minute  sparks  at  the  mer- 
cury surface.  As  soon  as  the  arc  starts,  the  path  of  the 
current  that  maintains  the  arc  is  €+  -l-6-7-8-tvib^-ll-12- 
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ELECTRIC  SIGNS 


FIXED  ELECTRIC   SIGNS 

1.  Electric  signs  are  of  almost  endless  sizes  and  varie- 
ties and  some  very  striking  effects  are  produced  with  them. 
There  are  many  patented  devices  in  use  for  producing 
electric-sign  effects.  While  only  a  few  of  these  are  described 
in  this  Section,  yet  there  is  abundant  chance  for  the  elec- 
trician or  wireman  to  exercise  his  ingenuity  in  devising  new 
arrangements  and  devices  to  catch  the  public  eye.  The 
descriptions  that  follow  are  suggestive  of  innumerable 
schemes.  There  are  two  general  classes  of  electric  signs: 
those  that  have  a  fixed  display  and  those  that  change  either 
automatically  or  at  the  will  of  an  operator. 

2.  Fixed  electric  sigrns  may  be  classified  as  those  in 
which  the  lights  are  arranged  to  illuminate  a  printed  or  a 
painted  sign;  those  in  which  the  lamps  are  concealed  behind 
letter-shaped  openings  covered  with  translucent  material 
through  which  the  light  shines;  and  those  in  which  the 
lamps  themselves  are  arranged  in  the  form  of  letters,  the 
bulbs  being  displayed.  Combinations  of  any  two  or  more 
of  these  methods  may  be  used. 

The  user  of  an  electric  sign  is  addressing  the  public,  and  he 
naturally  desires  to  address  the  greatest  possible  number  of 
people  for  the  longest  possible  time  and  in  the  most  impress- 
ive way.  The  sign  should  be  designed  with  these  points  in 
view.  A  sign  that  is  legible  only  for  short  distances  or  only 
during  the  night  while  the  lamps  are  burning  is,  generally 
speaking,  of  less  value  than  one  that  can  be  read  distinctly 
from  a  long  distance  and  that  is  visible  either  by  day  or  night. 
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ILIiUMlNATBD    SIGNS 

3.  Fig.  1  shows  a  sign  that  is  distinct  and  legible  either 
by  day  or  night  and  that  can  be  arranged  single-faced  or 
double-faced;  that  is,  so  that  it  can  be  read  from  one  direc- 
tion or  from  both.  This  sign  consists  of  white  letters  on  a 
blue  enameled  background  surrounded  by  a  border  in  which 
is  placed  a  number  of  incandescent  lamps,  which  are  so 
arranged  that  the  letters  are  brilliantly  illuminated  while  the 


lamps  are  burning.     The  lamp  sockets  and  wiring  are  con- 
cealed behind  the  border,  and  the  wiring  is  very  simple. 

The  making  of  such  an  enameled  sign  is  an  expensive 
operation,  requiring  special  tools  and  facilities,  but  any 
electrician  assisted  by  a  sign  painter  should  be  able  to  make 
up  a  sign  similar  to  that  shown  in  Fig.  1.  A  modification 
that  might  in  some  cases  be  an  improvement  would  be  to 
arrange  shades  over  the  lamp  bulbs,  so  as  to  conceal  them 
from  view  and  at  the  same  time  throw  the  light  on  the  letters. 


TRANSPARENT  SIGNS 

4.     One  sign  manufacturer  has  had  patented  a  method  of 


^ 
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making  electric  signs  in  which  the  letters  or  characters  arc 
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(a)  (b) 
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outlined  by  a  raised  molding,  leaving  a  hollow  central  portion 
that  is  covered  with  a  light-tinted,  wire-woven,  translucent 
substance,  behind  which  electric  lamps  are  arranged.  Fig.  2 
shows  a  sectional  view  of  a  letter;  a  is  the  molding,  of  which 
the  face  b  is  covered  with  gold  leaf  and  the  side  c  tinted  to 
harmonize  with  the  dark  background  d.  The  letter-shaped 
opening  outlined  by  the  molding  is  covered  with  the  trans- 
lucent material  ^,  back  of  which  the  lamps  are  placed.  The 
hooks  /  and  g  enable  any  number  of  letters  to  be  interlocked. 
Fig.  3  {a)  shows  the  appearance  by  daylight  of  a  sign  made 
of  such  letters,  and  (b)  shows  the  same  sign  at  night. 


Pxo.  4 

5.  Combination  Blfirn- — Fig.  4  shows  sectional  views 
of  a  patented  device  in  which  electric  lamps  are  used,  both 
to  illuminate  a  painted  sign  and  to  light  a  transparency; 
(a)  shows  a  single-faced  sign,  and  {b)  a  double-faced  sign. 
In  (a)  the  transparent  sign  b  forms  the  front  wall  of  a  casing, 
across  the  opposite  upper  comer  of  which  is  a  reflector  sur- 
face c  that  throws  the  light  of  the  row  of  lamps  dont  through 
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the  transparency.  Behind  the  lamps  is  a  curved  or  V-shaped 
reflectors,  which  may  be  turned  at  any  desired  ang^le  to  direct 
a  proper  portion  of  the  light  on  the  painted  sign  /  below  the 
casing.  The  lamps  are  invisible,  while  the  signs  are  well 
illuminated.  The  double-faced  sign  b  is  practically  a  duplicate 
of  the  single-faced  sign.  Transparent  signs  b  are  placed  in 
each  side  of  the  hood,  or  casing,  and  there  are  two  painted 
signs  /  and  two  rows  of  lamps  d^  each  row  having  its  curved 
reflector  e, 

EXPOSED-BUIiB  SIGNS 

6.  One  lamp  may  be  used  to  illuminate  a  considerable 
portion  of  a  painted  sign  or  a  transparency;  but  in  order  to 
form  a  letter  of  exposed  lamp  bulbs  so  that  it  will  be  intel- 
ligible at  night,  several  lamps  ^  ^  a  CI  O 
must  be  used.     It  is  an  object 

to  keep  the  number  of  lamps  Q 

as  small  as  possible,  not  only 

to  reduce  the  cost  of  the  sign,    ^  ®  Q    O    Q 

but  also  to  keep  the  cost  of  q 

operation  down.    In  Fig.  5  (a) 

is  shown  the  result  of  an  at-    Q  Q  Q     Q     Q 

tempt   to  make  the   letter  E  W  (h) 

with  only  six   exposed   lamp  ^'°'  ^ 

bulbs  and  no  reflecting  surfaces,  while  in  (b)  is  shown  the 

number  and  arrangement  of  lamps  necessary  to  make  the 

letter  legible. 

7.  By  enclosing  the  lamps  in  boxes  having  the  shape  of 
the  letter  to  be  produced,  and  by  using  reflecting  and  distrib- 
uting surfaces  so  that  the  light  can  be  thrown  only  in  the 
outline  of  the  letter,  fewer  lamps  may  be  used.  Fig.  6  (a) 
shows  a  section  of  a  patented  letter  that  in  reality  is  a  com- 
bination of  a  transparency  and  an  exposed-bulb  sign.  The 
letter,  as  patented,  consists  of  a  galvanized-iron  body  a  with 
a  translucent  face  b  through  which  the  ends  of  the  lamp  bulbs 
protrude.  A  white  reflecting  surface  c  and  the  white  inner 
surfaces  of  the  box  throw  nearly  all  the  light  out  through  the 
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translucent  surface.    Fig.  6  {d)  shows  a  24-inch  letter  jfi^ made 
in  this  way  and  lighted  with  only  seven  lamps.     The  trans- 
lucent faces  are  white,  so 
that  the  letters  are  equally 
legible  by  day  or  night. 

8.  Doiibled-Faced 
Signs. — Individual  letters 
are  sometimes  cut  from 
wood,  painted  with  white- 
enamel  paint  so  that  they 
will  be  distinct  in  daylight, 
and  covered  with  incan- 
^^  descent  lamps,  which  bring 

out  the  outlines  of  the  let- 
ters at  night.  In  making 
up  double-faced  signs, 
of  letters  made  in  this 
way,  it  is  well  to  bear  in 
mind  that  the  letters  Ay  H, 
I,M,  O,  T,  U,  F,  WyX,  and 
F  appear  the  same  whether 
viewed  from  the  back  or 
the  front.  It  is  often  pos- 
sible to  use  both  faces  of 
these  letters.  The  other 
letters  of  the  alphabet 
must  be  cut  from  material 
thin  enough,  so  that  when 
two  letters  are  placed  back 
to  back  they  will  have  the  same  thickness  as  the  double-faced 
letters. 

Fig.  7  shows  a  large  sign  on  a  prominent  corner  in 
New  York  City.  The  letters  are  cut  from  2-inch  seasoned 
lumber,  painted  white,  and  fastened  to  a  wide  strip  of  bar 
iron,  which  serves  to  hold  the  sign  in  position.  On  the  faces 
of  the  letters  are  rows  of  incandescent  lamps,  which  make 
the  sign  very  conspicuous  at  night.    The  dentist  sign  a  short 
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distance  from  the  corner  is  one  of  the  type  described  in 
Art.  3. 

9.  Examples  of  I^ar^e  Slgrns. — The  immense  Butterick 
sign,  Fig.  8,  on  the  side  of  the  Butterick  Building,  in  New 
York  City,  can  be  seen  from  the  New  Jersey  shore  within  a 
radius  of  several  miles.    The  first  letter  is  68  feet  high,  while 


Pio.  8 

the  others  are  50  feet.  The  two  lines  of  lamps  inscribing  the 
outlines  of  the  letters  are  5  feet  apart.  The  letters  are  painted 
in  fast  black  on  the  brick  wall.  A  light  steel  box  construc- 
tion about  6  inches  high  is  spaced  about  6  inches  from  the 
wall,  to  which  it  is  fastened  by  means  of  expansion  bolts. 
The  box  construction  is  made  in  sections  about  10  feet  long, 
with  lamp  sockets  every  18  inches,  and  is  placed  around  the 
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outlines  of  the  letters.  There  are  twelve  hundred  4-candle- 
power  lamps  controlled  by  three  switches,  each  switch  having 
a  separate  panel  box.  From  one  panel  runs  twenty-four  cir- 
cuits and  from  each  of  the  other  two,  sixteen  circuits.  The 
wiring  is  carried  through  the  interior  of  the  sign  boxes. 

10.  The  New  York  Edison  Company  has  erected  a  sign, 
shown  in  Fig.  9,  at  its  coal-storage  plant  at  Shadyside,  New 
Jersey,  which  can  be  seen  plainly  for  several  miles  up  and 
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down  the  New  York  side  of  the  Hudson  River.  To  support 
this  sign,  a  framework  requiring  over  70,000  pounds  of  steel 
was  put  up.  The  sign  contains  eighteen  hundred  8-candle- 
power  lamps.  A  special  75-kilowatt  generator  and  engine  is 
used  to  supply  the  electricity. 

The  lamps  used  for  electric  signs  are  usually  of  smaller 
candlepower  than  those  used  for  ordinary  illumination;  4-,  6-, 
and  8-candlepower  sizes  are  common.  Sign  lamps  also  have 
shorter  and  thicker  bulbs,  with  the  filament  so  coiled  that 
the  larger  part  of  the  light  will  be  thrown  out  at  the  end. 
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CHANGEABLE  SIGNS 


CHANGES  IN  INTENSITY  OF  LIGHT 


THERMOSTATS 

11.  The  fixed,  or  permanent,  signs  thus  far  described 
may  be  made  very  attractive  and  of  considerable  value  to 
the  advertisers;  but  no  sign  arrests  the  attention  of  passers- 
by  as  does  one  in  which  there  is  apparent  animation,  espe- 
cially if  the  changes  or  motions  are  surrounded  with  an  air 
of  mystery.  In  electric  signs,  changes  so  slight  as  the  light- 
ing and  putting  out  of  the  lamps  or  changes  in  the  intensity 
of  the  light  will  arrest  the  attention  long  enough  for  the 
passer-by  to  read  what  the  advertiser  has  to  say.  Automatic 
devices  may  be  arranged  to  switch  off  all  the  lamps  of  a  sign 
together  or  part  of  them  at  a  time.  This  is  frequently  done 
by  means  of  a  thermostat,  an  instrument  in  which  an 
electric  current  heats  a  metal  and  causes  it  to  expand  until  a 
circuit-opening  device  is  made  to  operate  so  as  to  close  or 
open  a  circuit,  after  which  the  heating  current  is  cut  off  or 
so  reduced  that  the  metal  cools  and  contracts  and  the  device 
is  operated  in  the  reverse  direction;  this  throws  the  heating 
coil  into  circuit  again,  and  the  series  of  operations  are 
repeated  indefinitely. 

12.  Tlie  Thermobllnk. — Fig.  10  (a)  shows  a  form  of 
thermostat  having  the  trade  name  thermoblink,  and  (d) 
shows  the  connections  with  a  circuit  of  lamps.  This  device 
consists  of  metal  strips  arranged  in  the  form  of  a  triangle, 
around  one  leg  of  which  is  wound  a  coil  a  of  fine  wire  that 
forms  a  part  of  a  circuit  through  the  lamps.  When  the  cur- 
rent is  first  switched  on,  the  end  d  of  the  triangle  does  not 
quite  make  contact  with  the  end  of  a  screw  ^  with  which  one 
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end  of  the  lamp  circuit  connects;  but  a  small  current,  not 
enough  to  light  the  lamps,  flows  through  the  coil  a  and  heats 
it.  The  heat  causes  the  metal  around  which  the  coil  is 
wound  to  expand  until  the  end  of  the  triangle  swings  over 
and  touches  the  contact  screw  b^\  current  enough  to  light 
the  lamps  then  flows  through  the  side  c  and  the  contact 
screw.  The  coil  a,  being  shunted  by  the  side  c,  soon  cools 
and  the  triangle  springs  back  to  its  normal  position,  thus 


(a) 


breaking  the  contact  between  b  and  b*  and  putting  out  the 
lights.  This  process  is  repeated  indefinitely  or  until  the 
whole  circuit  is  switched  off. 

In  another  form  of  the  same  device,  a  central  tongue  is 
made  to  swing  both  ways  by  the  influence  of  a  heating  coil, 
one  of  two  circuits  being  closed  immediately  after  the  other 
is  opened.  A  retarding  device  holds  the  contact  closed  in 
either  position  until  the  pull  becomes  strong  enough  to  open 
it  with  a  snap. 

13.  liamps  With  Thermostats. — It  is  now  possible  to 
obtain  incandescent  lamps  that  have  0-shaped  bimetallic 
thermostats  in  the  bases,  made  as  shown  in  Fig.  11.  The 
two  metals  of  which  the  U-shaped  piece  is  formed  have 
different   rates  of   expansion  under  the  influence  of   heafc. 
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The  U  is  wound  with  a  coil  of  wire  a  connected  in  series 
with  the  lamp  filament.  When  the  lamp  is  connected  to  the 
circuit,  it  lights  for  an  interval,  until  the  coil  heats  and 
causes  the  U  to   spread   and  open   the   circuit,  as   shown 


Fig.  11 

at  b.  This  stops  the  flow  of  current  through  the  filament 
and  puts  out  the  lamp;  the  heating  coil  a  soon  cools  and  the 
contact  b  closes,  thus  again  lighting  the  lamp.  By  means 
of  an  adjusting  screw  c  the  rapidity  of  the  flashing  may  be 
regulated.     The  contact  points  at  b  are  tipped  with  platinum. 

14.  Donble-Fllament  liamps. — Fig.  12  shows  a  sign 
lamp  having  a  large  and  a  small  filament.  The  base  contains 
a  thermostat  that  causes  the  two  filaments 
to  light  alternately.  While  on  the  circuit, 
such  lamps  are  never  entirely  dark,  but 
the  intensity  of  the  light  changes  enough 
to  draw  attention. 

15.  Turnip  Sign  Ijamps. — Fig.  13 
(a)  and  {b)  shows  side  and  end  views  of 
a  turnip  sign  lamp,  so  called  because 
of  its  shape.  The  base  contains  a  ther- 
mostat, and  on  the  end  opposite  the  base 
is  a  letter,  word,  or  sentence  to  be  dis- 
played. The  continual  flashing  calls  atten- 
tion to  the  advertisement. 

16.  Tliermal  Flasliers. — Not  over 
2  amperes  current  can  be  broken  by  the 

Fio.  12  thermostats    thus    far  described,   as   the 

sparking,  if  a  larger  current  were  broken,  would  soon  destroy 
the  contacts.  In  Fig.  14  (a)  is  shown  a  thermal  flasher 
made    by    the    Solar    Electric    Company   that   will    break 
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10  amperes,  and  in  {d)  is  shown  connections  to  a  circuit 
of  lamps.     The  carbon  contacts  a  are  normally  separated, 
the  upper  one  being  fixed  in  position  and  the  lower  one 
attached  to  one  end  of  a  spring  lever  d,  the  other  end  of 
which  is  fixed  at  c.     Near  the  fixed  end  of  the  lever  d  is 
attached   the  end  of 
an  expansion  wire  d 
that   passes   down 
through   a  tube  and 
pulls    the    lever   d 
downwards  against 
the    opposing   action  j 
of  a  spring  e,  which 
may  be  either  coiled, 
as    shown,    or   flat. 
Around    the    expan- 
sion wire  inside  the 
tube  is  a  coil  of  fine  ^^^ 

wire,  called  the  heat- 
ing, or  resistance, 
coil,  one  end  of  which 
is  in  connection  with 
the  fixed  end  of  the 
spring  lever  d  and  the 
other  in  connection 
with  the  upper,  or 
fixed,  carbon  block  a. 
These  connections 
make  the  resistance 
coil  a  part  of  the 
circuit  through  the  (bj 

lamps.  fjo.  18 

When  current  is  turned  on,  it  flows  through  the  heating 
coil,  which  does  not  permit  the  passage  of  enough  current 
to  light  the  lamps  of  the  circuit;  but  as  the  coil  heats,  the 
expansion  wire  inside  stretches  until  the  carbon  blocks  are 
drawn  together  by  the  spring  e  and  the  lamps  light.  The 
heating  coil,  now  being  shunted  by  the  lever  d  and  the  carbon 
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blocks,  soon  cools,  and  the  expansion  wire  contracts  and 
pulls  down  on  the  lever  ag:ainst  the  combined  holding  power  of 
the  permanent  horseshoe  magnet  /  and  the  spring  e.  The  pull 
of  the  expansion  wire  finally  becomes  so  strong  that  the  car- 
bon blocks  separate  with  a  quick  break.  The  resistance  coil 
immediately  begins  to  heat  again  and  the  process  is  repeated. 
Adjustments  can  be  made  on  the  regular  flashers  so  that  the 
lamps  will  light  from  eight  to  fourteen  times  per  minute  and 
so  that  they  will  remain  lighted  any  desired  portion  of  the 
time,  from  50  to  90  per  cent.  Special  thermostats  of  this 
type  have  been  made  to  work  once  a  minute  and  others  to 
work  fifty-six  times  a  minute. 


MECHANICAI^    FLASHERS 

17.  Double-Pole  Flasher. — Various  mechanical 
devices  are  in  use  for  flashing  lamps  automatically.  Figs.  15 
and  17  show  devices  made  by  the  Electric  Motor  and  Equip- 
ment Company.  In  Fig.  15  (a)  is  shown  a  three-circuit, 
double-pole,  commutatlngr  switch,  or  flasher,  and 
in  (^),  a  similar  switch  with  the  motor  and  one  end  casting 
removed.  The  rotation  of  the  motor  is  transmitted  through 
the  belt  and  worm-gear  to  the  shaft  a,  on  which  are  as  many 
disks  b  as  there  are  circuits  to  be  controlled.  In  Fig.  15  {b) 
only  two  disks  are  shown  in  place,  the  third  being  removed 
in  order  to  show  the  mechanism.  Near  the  rim  of  each  disk 
is  a  series  of  holes,  in  any  of  which  may  be  placed  the 
pinions  of  steel  rollers  c.  The  rollers  may  be  placed  on 
either  side  of  the  disk,  and  the  pinions  are  secured  in  place 
by  screws  through  the  rim  of  the  disk,  as  shown  at  d. 

When  the  roller  on  one  side  of  the  disk  presses  against 
the  jointed  links  d  and  forces  them  down  until  they  are  in 
line  with  each  other,  the  switch  arm  e  is  forced  over  until  the 
blades  e!  enter  the  spring  clips  /.  The  spring  g  is  then  under 
tension,  tending  to  open  the  switch.  A  smaller  shaft  h 
below  the  main  shaft  a  carries  castings,  each  of  which  has 
two  cams  /,/.  There  are  one  set  of  links  and  one  pair  of 
cams  for  each  disk.     The  links  and  cams  shown  in  Fig.  15  (b) 
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are  operated  by  the  third  disk,  removed  from  shaft  a.  After 
the  roller  on  one  side  of  the  disk  has  closed  the  switch  and 
passed  on  away  from  the  links,  a  roller  on  the  other  side 
strikes  acrainst  the  cam  i  and  causes  cam  /  to  force  the  links 


Fig.  15 


out  of  line,  when  the  springy  quickly  pulls  the  switch  open, 
a  rubber  bumper  k  taking^  up  the  jar.  As  soon  as  the  roller 
has  left  cam  /,  the  spring  /  pulls  the  cams  back,  so  that  the 
links  are  free  to  be  forced  down  into  line  when  the  roller 


Digitized  by 


Google 


§66 


ELECTRIC  SIGNS 


17 


next  strikes  them.  The  condition  shown  is  that  just  after 
the  switch  has  been  opened  and  before  the  cams  have 
snapped  back  into  place. 

18.  The  two  blades  ^,  Fig.  15  (^),  of  each  switch  are 
insulated  from  the  arm  e  that  carries  them.  When  the  switch 
is  closed,  each  blade  makes  contact  with  two  clips  /,  as  shown 
diagrammatically  in  Fig.  16.  The  upper  clip  of  each  pair 
is  connected  to  the  sup- 
ply line,  and  the  lower 
one  to  the  lamp  circuit. 
Each  switch  is  there- 
fore double  pole. 

19.  Sinj^le-Pole 
Flasher. —Fig.    17 

shows   a   portion    of   a 

smaller  flasher   that   is 

single  pole.  The  shaft  a 

rotates  and  carries  with 

it  arms  b,  b\  etc.    Arm  b 

strikes  against  and 

raises  a  projecting 

switch  arm  ^,  and  closes 

a   switch    against   the 

action  of  a  heavy  coiled  spring  d  tending  to  open  it.     The 

switch  is  locked  in  the  closed  position  by  a  hook  on  one 

end  of  a  casting  e,  on  the  other  end  of  which  is  an  arm 

against  which  the   arm  b'  strikes  at  the   proper  time,  and 

thus  tips  the  casting  enough  to  release  the  switch  and  allow 

it  to  fly  open.     After  the  arm  ^  has  passed,  the  hooked  end 

of   the  casting  is  held  up  in  position  by  a    lighter  coiled 

spring  /,  and  is   ready  to  catch   the    switch    for   the   next 

operation. 

20.  Time  Switclies. — Fig.  18  shows  the  principal  parts 
of  an  automatic  time  switch,  consisting  of  an  ordinary 
double-pole  knife  switch,  with  the  handle  at  right  angles  to 
its  ordinary  position,  and  a  device  that  opens  the  switch  auto- 
matically at  a  set  time.     In  the  position  ordinarily  occupied 
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by  the  switch  handle  is  a  special  casting:  having:  a  lip  a 
that  hooks  behind  the  end  of  a  lever  b  and  holds  the  switch 
closed  against  the  action  of  a  spring  c  that  tends  to  open  it. 
Above  the  switch  is  a  shelf  bearing  two  pedestals  d\  the 
shaft  supported  by  the  pedestals  carries  on  one  end  a  slotted 
rectangular  block  e  and  on  the  other  end  a  cam  /.  An  ordi- 
nary alarm  clock  is  placed  on  the  shelf  between  the  springs^, 


Fig.  17 

so  that  the  thumb  piece  for  winding  the  alarm  fits  into  the 
slot  in  the  block  e.  When  the  alarm  goes  off,  the  thumb 
piece  turns  and  causes  the  cam  /  to  move  the  lever  b  enough 
to  release  the  switch,  which  immediately  flies  open.  A  coiled 
spring  h  causes  the  lever  b  to  return  to  its  original  position 
as  soon  as  the  pressure  of  the  cam  /  is  removed. 

By  the  use  of  time  switches,  lamps  may  be  left  burning  at 
night,  to  be  automatically  thrown  off  at  any  desired  time. 
Similarly  arranged  switches  are  made  both  for  closing  and 


Digitized  by 


Google 


§56  ELECTRIC  SIGNS  19 

for  opening:  circuits,  so  that  lamps  can  be  made  to  light 
automatically  at  one  hour  and  go  out  at  another.  These 
switches  are  useful  for  lighting  the  lamps  of  a  sign  or  those 


Fio.  18 

in  show  windows  on  Sundays  and  holidays,  and  then  extin- 
guishing them  after  the  travel  by  the  store  has  nearly  ceased 
for  the  night.  

CHANGES  IN   DISPI-AY 


.    ELBLIGHT    SYSTEM 

21.  There  are  in  use  many  systems  and  devices  by 
means  of  which  the  wording  of  a  sign  may  be  changed. 
The  Elbli^ht  system  consists  of  lighting  boards,  cables, 
and  lamps  with  two-pin  terminals. 

The  lighting  boards  are  made  by  laying  conductors  a,  a. 
Fig.  19,  side  by  side  parallel  with  each  other,  and  so  con- 
necting them  by  suitable  terminals  to  a  source  of  electro- 
motive force  that  adjacent  conductors  will  be  of  opposite 
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polarity.     Between  the  conductors  is  insulation  b,  b.    The 
conductors  are  stranded,  and  when  the  board  is  compressed 

they  flatten  out  until 
they  are  separated  by 
about  i  inch  of  in- 
sulation. 


D 


^ 
5 


I 


-i 


^ 


:iJ 


Pio.  19 


22.  The  Elblight 
cables  are  made  in  a 
similar  manner. 
Many  strands  of  bare, 
fine  copper  wire  are 
braided  together  as 
a  cable  and  insulated,  two  insulated  cables  being  fastened 
side  by  side  when  in  use,  as  shown  in  Fig.  20.  Fig.  21  (a) 
shows  a  lamp  for  use  with  a  lighting  board,  and  (b)  shows  a 
method  of  fastening  the  lamps  to  the  cables.  The  lamp 
bases  are  porcelain 
and  the  prongs  phos- 
phor-bronze. The 
braiding  of  the  cable 
strands  is  such  that 
under  ordinary  con- 
ditions the  prongs  are 
firmly  held  without 
the  clamp.  The  in- 
sulation on  the  cable 
is  of  a  high-grade 
rubber,  so  that  holes 
formed  by  the  lamp 
prongs  close  imme- 
diately when  the 
prongs  are  with- 
drawn. 

All  that  is  required  ^'°-  ^ 

to  light  lamps  with  either  the  board  or  the  cable  is  to  thrust 
the  prongs  through  the  insulation  until  they  come  in  contact 
with  the  copper.     In  the  board,  the  insulation  between  the 
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conductors  usually  consists  of  hard  fiber  or  some  other 
material  that  the  prongs  will  not  easily  penetrate,  so  that 
short  circuits  are  rare. 
Lamps  may  be  ar- 
ranged on  the  board 
in  the  form  of  any 
letter,  figure,  or  char- 
acter desired  and  may 
be  changed,  without 
great  expense,  to  any 
other  design.  The 
cable  is  more  useful  ^> 

for  electric  ornamen-  ^^'  ^ 

tation  than  for  electric-sign  work,  as  it  may  be  draped  or 
looped  along  the  walls  of   a  room  or  a  building,  wound 
around  pillars  and  covered  with  evergreen,  with  lamps  stuck 
in  at  intervals,  etc. 


TALKING    SIGNS 

23.  Mono^rram  Letters. — Various 
other  devices  are  in  use  by  which  the 
positions  of  the  lamps  in  a  sign  may  be 
changed  so  as  to  display  different  let- 
ters; but  to  make  such  changes  requires 
considerable  time  and  trouble.  Fig.  22 
shows  a  group  of  twenty-one  lamps 
arranged  in  metal  troughs,  or  boxes, 
whose  inside  surfaces  are  whitened  with 
a  vitreous  substance  like  enamel,  so  that 
they  reflect  the  light  outwards.  This 
device,  including  the  lamps  and  boxes, 
is  called  a  mono^n'ani  letter,  or  simply 
a  monojifrain;  with  it,  by  lighting  dif- 
ferent groups  of  lamps,  may  be  dis- 
Fio.  22  played  any  letter  of  the  alphabet.     In 

order  to  show  any  desired  letter,  it  must  be  possible  to  con- 
trol the  lighting  of  each  lamp  independently  of  the  others 
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(with  one  exception) .  This  necessitates  a  separate  wire  from 
one  side  of  each  lamp  socket  to  a  suitable  controlling  device, 
but  the  other  side  of  each  socket  is  connected  to  a  common 
wire  that  leads  directly  to  the  supply  circuit.  The  con- 
trolling device,  or  commutator^  automatically  changes  con- 
nections so  as  to  display  letters  in  any  desired  order. 

24,  Fig.  23  shows  the  complete  wiring  of  one  monogram, 
with  the  exception  of  the  lamp  connections  of  the  wire  a 
common  to  all  lamp  sockets;  these  connections  are  omitted 
for  the  sake  of  clearness.  The  individual  wires  from 
the  lamps  lead  to  a  series  of  binding  posts  1  to  20  on  the 
commutator.     The  two  lamps  numbered  5  in  the  monogram 


Fio.  24 

are  never  lighted  separately;  hence,  a  common  wire  connects 
them  with  finger  number  5  on  the  commutator.  This  is  the 
exception  previously  referred  to.  Including  the  wire  a 
common  to  all  lamp  sockets,  there  are  twenty-one  wire 
leading  to  each  monogram.  A  wire  a'  connects  the  commu- 
tator with  the  side  of  the  supply  circuit  opposite  that  with 
which  the  common  wire  a  is  connected.  Circuits  b  lead  to 
other  monograms  in  the  same  sign;  one  wire  of  each  circuit 
connects  with  one  terminal  of  each  lamp  in  a  monogram  and 
the  other  with  the  commutator  belonging  to  that  monogram. 
Each  monogram  circuit  is  connected  to  the  supply  circuit 
through  double-pole  cut-outs  c.  Another  branch  circuit  leads 
to  the  motor  that  operates  the  commutator. 
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25.  The  commutator  consists  of  a  series  of  contact  fin- 
gers, or  springs,  and  a  device  for  forcing  them  into  a  position 
where  they  close  the  circuits  through  the  lamps.  Fig.  24 
is  a  view  of  two  commutators,  one  having  a  letter  bar  a  in 

position.  The  contact 
fingers  are  arranged 
underneath  the  slate 
top  b.  The  rolled-steel 
letter  bars,  each  having 
projections  for  raising 
the  fingers  necessary  to 
light  a  letter,  are  slipped 
into  slots  in  the  rims  of 
the  wheels  ^,  and  are 
held  in  place  by  spiral 
springs  d  around  the 
end  wheels  of  each  com- 
mutator. On  the  left- 
hand  commutator  these 
springs  are  shown  off 
the  slotted  wheels  and 
hanging  on  the  shaft. 
The  shaft  is  rotated  by 
means  of  a  motor,  not 
shown,  so  that  succes- 
sive letter  bars  are 
brought  under  the 
fingers. 

26.  Fig.  25  is  a 
diagram  showing  a 
cross-section  of  the 
commutator;  (a)  shows 
a  projection  on  a  letter 
bar  a  just  as  it  begins  to  raise  a  finger  d,  and  (^)  shows  the 
finger  raised  to  its  full  height.  The  letter  bars  do  not  make 
electrical  contact  with  the  fingers,  but  strike  against  metal 
shoulders  e  that  are  insulated  from  the  fingers. 
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The  fingers  are  phosphor-bronze  springs  clasped  loosely 
about  a  bar  /  running  lengthwise  of  the  commutator.  When 
a  finger  is  raised,  one  end  makes  firm  contact  with  a  brass 
strip  g  on  the  under  side  of  the  slate  cover.  A  single  bind- 
ing post  h  in  connection  with  this  brass  strip  serves  for  the 
copper  wire  a',  Fig.  23,  connecting  the  commutator  to  the 
supply  circuit.  The  other  end  of  the  spring  ^,  Fig.  25  {b), 
makes  contact  with  the  round  head  /  of  a  binding  post  y,  one 
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of  the  twenty  posts  with  which  the  lamps  of  the  monogram 
are  connected. 

27,  In  Fig.  26  is  shown  a  diagram  of  the  connections 
that  are  active  when  the  letter  H  is  displayed.  The  letter 
bar  a  has  projections  that  lift  the  fingers  corresponding  to 
the  lamps  needed.  The  lamps  are  numbered,  and  correspond- 
ing numbers  are  shown  on  the  bar  projections.  This  diagram 
represents  conditions  at  one  instant  while  the  commutator  is 
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turning;  as  this  bar  passes  out  from  under  the  springs,  all 
the  lamps  go  out,  but  immediately  another  bar  with  other 
projections  moves  under  and  another  letter  is  displayed. 

28.  Each  commutator  holds  forty  bars;  hence,  each 
monogram  can  be  made  to  display  forty  separate  characters. 
A  number  of  monograms  arranged  side  by  side  with  all 
their  commutators  operated  by  a  single  motor  constitutes  a 
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talking:  sig:n,  and  may  be  made  to  flash  forty  words  or 
sentences  in  succession.  The  same  series  of  expressions 
may  be  flashed  a  whole  evening  without  any  supervision 
whatever  from  an  attendant,  or  the  attendant  may  substitute 
other  bars  as  often  as  desired  so  that  new  expressions  will 
be  displayed.  Fig.  27  shows  four  of  the  forty  expressions 
one  sign  may  be  made  to  flash  every  night. 
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29.  Talklngr  Clock. — Fig.  28  shows  an  arrangfement  of 
electric  lamps  for  displaying  time;  (a)  and  (d),  respectively, 
show  two  successive  displays.  The  lamps  are  differently 
arranged  than  in  the  letter  monograms  previously  described, 


(a) 


(b) 
Pio.  28 


and  each  group  contains  only  the  number  of  lamps  needed 
for  the  figures  it  must  display.  For  example,  the  first 
group  displays  only  the  figure  i,  and  hence  contains  but 
a  single  row  of  lamps;  the  second  and  fourth  groups  must 
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be  capable  of  displaying  any  numeral  from  0  to  P,  inclu- 
sive, and  the  third  group  any  numeral  from  0  to  5,  inclusive. 
A  commutator  operated  in  synchronism  with  the  movements 
of  a  clock  changes  the  contacts  so  that  the  time  display  is 
changed  once  every  minute. 

30.     Carrlag:e  Calls. — Fig.  29  shows  a  carrlagre  call 
that  is  very  useful  where  a  number  of  carriages  are  waiting 


Fig.  29 

for  persons  emerging  from  large  assemblies,  as  at  theaters. 
This  call  consists  of  three  groups  of  lamps  arranged  in 
boxes  with  reflecting  interiors  and  frosted-glass  covers. 
The  lighting  of  the  lamps  is  controlled  by  a  device  some- 
what similar  to  the  commutator  used  with  the  talking  sign, 
except  that  the  carriage-call  controlling  device  is  operated 
by  an  attendant.  Any  number  from  0  to  999^  inclusive,  may 
be  displayed  on  the  call  shown.  On  arrival,  each  carriage 
occupant  and  driver  is  given  a  number,  and  when  the  carriage 
is  wanted  this  number  is  displayed  on  the  carriage  call,  which 
is  in  plain  view  of  all  the  drivers. 
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HEATING  EFFECTS  OF  ELECTRIC 
CURRENTS 

1.  When  a  current  of  electricity  flows  through  a  con- 
ductor, work  is  done  proportional  to  the  square  of  the 
current  /,  the  resistance  R  of  the  conductor,  and  the  time  /; 
that  is,  the  work  in  joules  is  equal  to  /"  R  /,  where  /  is  in 
amperes,  R  in  ohms,  and  /  in  seconds.  All  this  work  is  con- 
verted into  heat,  which  raises  the  temperature  of  the  conductor 
and  its  surroundings. 

In  the  generation  and  transmission  of  electricity,  this  pro- 
duction of  heat  is  very  undesirable  and  is  avoided  as  much 
as  possible  by  using  conductors  of  low  resistance  or  by 
transmitting  the  energy  at  high  pressure  and  correspondingly 
low  current.  Ordinarily,  in  transmission  work,  the  size  of  the 
conductors  to  be  used  is  determined  by  the  allowable  pressure 
drop  rather  than  by  the  heating  effect,  but  it  is  sometimes 
necessary  to  consider  the  heating  effect  of  electric  currents. 
This  is  especially  the  case  when  wires  are  to  be  used  in 
underground  ducts,  in  molding,  or  other  confined  locations. 

2.  When  the  temperature  of  a  wire  is  higher  than  that  of 
its  surroundings,  heat  escapes  from  the  wire.  A  wire  with 
a  rough  and  blackened  surface  loses  its  heat  more  rapidly 
than  one  with  a  bright,  shiny  surface.  Table  I  gives  the 
heating  effect  of  currents  in  bright  and  black  wires,  respect- 
ively, in  still  air.  The  figures  in  the  body  of  the  table  are 
the  diameters  of  the  wires  in  mils.  For  example,  to  carry 
1,000  amperes  with  a  rise  of  80°  C.  in  still  air  requires  a 
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TABIiE  I 
HSATINO    EFFECTS    OF    CURRENTS 

(Bare  Copper  in  Still  Air) 


Rise  in  Temperature. 

Degrees  Centigrade 

10 

ao 

40 

80 

Bright 

Black 

Bright 

Black 

Bright 

Black 

Bright 

Black 

Diameters  of  Wires.  Mils 

1,000 

968 

911 

750 

950 

930 

878 

723 

900 

893 

844 

695 

850 

858 

809 

666 

800 

1,000 

823 

771 

638 

750 

950 

785 

734 

610 

700 

960 

900 

748 

696 

580 

650 

910 

850 

708 

660 

550 

600 

858 

800 

668 

621 

518 

575 

^^^ 

775 

648 

603 

503 

550 

995 

980 

808 

750 

628 

583 

488 

525 

978 

948 

780 

725 

607 

563 

461 

500 

960 

913 

751 

700 

584 

543 

455 

475 

925 

880 

723 

675 

563 

523 

439 

450 

895 

843 

696 

648 

541 

501 

421 

425 

860 

808 

669 

620 

520 

479 

406 

400 

1,000 

820 

770 

641 

592 

498 

457 

387 

375 

950 

783 

731 

612 

564 

475 

435 

369 

350 

900 

745 

690 

581 

536 

452 

413 

350 

325 

850 

708 

654 

550 

506 

428 

39b 

Z^^ 

300 

800 

668 

615 

519 

475 

403 

366 

312 

275 

750 

628 

575 

487 

444 

377 

341 

292 

250 

696 

586 

534 

453 

412 

351 

317 

272 

225 

642 

545 

494 

419 

379 

323 

291 

252 

200 

586 

500 

453 

384 

345 

296 

265 

229 

175 

530 

454 

406 

349 

310 

266 

239 

208 

ISO 

470 

404 

360 

3" 

274 

226 

210 

194 

125 

408 

352 

308 

270 

235 

206 

182 

161 

100 

343 

300 

258 

226 

195 

170 

150 

135 

90 

315 

272 

237 

208 

178 

158 

137 

"3 

80 

286 

246 

214 

196 

161 

143 

124 

112 

70 

259 

220 

190 

170 

143 

127 

no 

100 

60 

226 

194 

167 

150 

125 

112 

97 

87 

50 

191 

167 

142 

130 

106 

95 

82 

74 

40 

156 

140 

117 

108 

86 

78 

68 

61 

30 

120 

III 

90 

85 

66 

60 

54 

48 

20 

82 

76 

63 

60 

45 

44 

40 

36- 

10 

40 

38 

37 

35 

30 

28 

26 

24 

Digitized  by 


Google 


§57 


ELECTRIC  HEATING 


TABtiB  II 
HEATING    EFFECTS    OF    CURRENTS 

{Carrying  Capacity  of  Insulated  Wire  in  Moldings) 


1 

Rise  in  Temperat 

ure.  Degrees  Centigrade 

5 

10 

IS 

20 

30 

40 

50 

60 

70 

Diameters  of  Wires.  Mils 

300 

446 

411 

386 

367 

354 

280 

427 

393 

369 

350 

338 

260 

450 

409 

375 

352 

333 

321 

240 

430 

390 

356 

ZZi 

315 

304 

220 

436 

408 

370 

337 

•  315 

298 

285 

200 

448 

414 

386 

350 

i'^7 

295 

280 

a68 

190 

437 

403 

375 

339 

308 

286 

270 

258 

180 

425 

391 

364 

328 

298 

277 

260 

249 

170 

411 

378 

352 

Z^7 

287 

266 

250 

239 

160 

398 

364 

340 

305 

276 

256 

241 

229 

150 

445 

3^Z 

351 

326 

293 

265 

244 

230 

218 

140 

431 

370 

338 

312 

281 

253 

232 

220 

206 

130 

417 

354 

322 

300 

269 

240 

220 

208 

195 

120 

400 

339 

308 

28s 

255 

228 

208 

195 

182 

no 

Z^3 

322 

292 

270 

240 

214 

195 

182 

170 

100 

362 

302 

276 

253 

223 

200 

182 

168 

158 

90 

343 

284 

259 

237 

208 

185 

168 

154 

143 

80 

322 

264 

240 

218 

192 

169 

153 

139 

130 

70 

300 

242 

220 

198 

174 

152 

139 

123 

116 

60 

275 

220 

195 

175 

155 

135 

122 

108 

lOI 

50 

250 

195 

17s 

152 

132 

118 

104 

91 

86 

40 

217 

169 

144 

128 

no 

95 

85 

75 

70 

30 

178 

136 

"5 

100 

85 

7i 

66 

58 

54 

20 

132 

100 

71 

69 

59 

50 

45 

40 

37 

10 

78 

58 

42 

35 

30 

46B— 39 
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TABLE   III 

DIAMETERS    OF    WIRES    OF    VARIOUS    MATERIALS 

THAT    WILL    BE    FUSED    BY    A    CURRENT    OF 

GIVEN    SlTRENGTH 

(IV.  H,  Preece,  F.  R^.  S.) 


I 

I 

% 

I 

Diameters. 

Inch 

cS 

1 

E 

3 

E 

5 

-0 

1 

1 

^ 

in-Lcad 

Alloy 

] 

a 

5 

0. 

a. 

H    1 

I 

.0021 

.0026 

.0033 

■^?>Z 

•003s 

.c»47 

.0072 

.0083 

.0081 

2 

.0034 

.0041 

•0053 

.0053 

.0056 

.0074 

.0113 

.0132 

.0128 

3 

.0044 

.0054 

.007 

.0069 

.0074 

.0097 

.0149 

•0173  1 

.0168 

4 

•0053 

.cx)65 

.0084 

.0084 

.0089 

.0117 

.0181 

.021   1 

.0203 

5 

.0062 

.cx)76 

.0098 

.0097 

.0104 

.0136 

.02 1 

•0243  1 

.0236 

lO 

.0098 

.012 

.0155 

.0154 

.0164 

.0216 

•0334 

.0386 

•0375 

15 

.0129 

.0158 

.0203 

.0202 

.0215 

.0283 

•0437 

.0506 

.0491 

20 

.0156 

.0191 

.0246 

.0245 

.0261 

.0343 

.0529 

.0613 

.0595 

25 

.0181 

.0222 

.0286 

.0284 

'^Z^Z 

.0398 

.0614 

.0711 

.069 

30 

.0205 

.025 

.0323 

.032 

.0342 

.045 

.0694 

.0803 

•0779 

35 

.0227 

.0277 

•0358 

.0356 

•0379 

.0498 

.0769 

.089 

.0864 

40 

.0248 

•0303 

•0391 

.0388 

.0414 

.0545 

.084 

•0973 

.0944 

45 

.0268 

.0328 

.0423 

.042 

.0448 

.0589 

.0909 

•1052  1 

.1021 

50 

.0288 

•0352 

.0454 

.045 

.048 

.0632 

.0975 

.1129 

.1095 

60 

.0325 

.0397 

•0513 

.0509 

.0542 

.0714 

.1101 

.1275  1 

•1237 

70 

.036 

.044 

.0568 

.0564 

.0601 

.0791 

.122 

.1413 

•I371 

80 

•0394 

.0481 

.0621 

.0616 

■0657 

.0864 

•1334 

.1544 

.1499 

90 

.0426 

.052 

.0672 

.0667 

.0711 

.0935 

•1443 

.1671 

.1621 

ICX) 

.0457 

.0558 

.072 

.0715 

.0762 

.1003 

.1548 

.1792 

1739 

120 

.0516 

.063 

.0814 

.0808 

.0861 

'"^m 

.1748 

.2024 

.1964 

140 

.0572 

.0698 

.0902 

.0895 

.0954 

•1255 

.1937 

.2243 

.2176 

160 

.0625 

.0763 

.0986 

.0978 

•  1043 

•1372 

.2118 

•2452 

•2379 

180 

.0676 

.0826 

.1066 

.1058 

.1128 

.1484 

.2291 

.2652 

.2573 

200 

.0725 

.0886 

.1144 

."35 

.121 

.1592 

.2457 

.2845 

.276 

225 

.0784 

.0958 

•1237 

.1228 

•1309 

.1722 

.2658 

•3077 

.2986 

250 

.0841 

.1028 

•1327 

•1317 

.1404 

.1848 

.2851 

•3301 

•3203 

275 

.0897 

.1095 

.1414 

.1404 

.1497 

.1969 

.3038 

.3518 

.3417 

300 

•095 

.1161 

.1498 

.1487 

.1586 

.2086 

.322 

.3728 

.3617 
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bright  wire  911  mils  in  diameter,  but  a  black  wire  of  only 
750  mils  diameter  will  carry  the  same  current  with  the  same 
temperature  rise.  Table  II  gives  the  heating  effects  of  elec- 
tric currents  in  insulated  wires  used  in  moldings.  Heat 
escapes  more  readily  from  a  wire  to  its  insulation  and  the 
moldings  than  from  a  bright,  bare  wire   to   still   air;  for 

TABIiB  IV 
CARRYING    CAPACITY    OF    GERMAN-SILVBR    WIRE 


Nximber 
B.  &S. 

Circular 
Mils 

Maximum  Current 
Amperes 

Feet  per  Ohm 

lo 

10,381 

6.8 

60.90 

II 

8.234 

5-7 

47.60 

12 

6,529 

4.8 

37.80 

13 

5,178 

4.0 

29.90 

14 

4,106 

3.4 

23.70 

15 

3»257 

2.8 

18.80 

i6 

2.583 

2.4 

14.90 

I? 

2,048 

2,0 

11.80 

i8 

1,624 

1.7 

9.40 

19 

1,288 

1.4 

7-iS 

20 

1,021 

1.2 

S9I 

21 

810 

I.O 

4.69 

22 

643 

•83 

i-7^ 

23 

509 

.70 

2-95 

24 

404 

•S9 

2-33 

25 

320 

•49 

1^85 

26 

•    254 

.42 

^•47 

27 

201 

•35 

1. 16 

example,  according  to  Table  I,  to  carry  300  amperes  with  40°  C. 
temperature  rise  in  still  air  requires  a  bright  wire  475  mils  in 
diameter,  while  according  to  Table  II  an  insulated  wire  in 
molding  to  do  the  same  thing  need  be  only  411  mils  in  diameter. 

3.     Table  III  gives  the  currents  that  will  just  fuse,  or 
melt,  wires  of  different  materials.     The  fusing  effect  of  a 
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current  depends  on  the  readiness  with  which  heat  can  escape 
from  the  wire.  If  a  very  short  wire  is  clamped  between 
terminals,  heat  will  escape  to  the  terminals;  if  a  fuse  is 
installed  where  air  circulates  freely,  the  air-currents  will 
carry  away  heat,  etc.  For  these  reasons,  fuses  must  be  of 
sufficient  leng^th  so  that  the  heat  imparted  to  the  terminals 
cannot  appreciably  change  the  melting  point;  they  must  also 

TABLE  V 
CARRYING    CAPACITY    OF    GAI.VANIZED-IRON    WIRE 


Number 

Maximum 

Washburn  &  Moen 

Circular 
Mils 

Current 

Feet  per 
Ohm 

Gauge 

Amperes 

.      3 

59.S36 

SI.5 

645.0 

4 

50.625 

45-5 

5490 

S 

42,849 

40.0 

463.0 

6 

36,864 

355 

398.0 

7 

31*329 

313 

337.0 

8 

26,244 

27.5 

283.0 

9 

21,904 

23.8 

236.0 

lO 

18,225 

20.6 

196.0 

II 

14,400 

16.9 

155.0 

12 

11,025 

13.5 

119. 0 

13 

8,464 

10.7 

91.4 

14 

6,400 

8.4 

69.1 

IS 

5.184 

7.1 

56.0 

i6 

3.969 

5-7 

42.8 

17 

2,916 

4.3  ^ 

31.4 

be  installed  where  air-currents  cannot  affect  them.  Fuses, 
therefore,  are  usually  1  inch  or  more  long  and  are  enclosed. 
In  the  absence  of  air,  a  conductor  will  carry  a  much  larger 
current  without  fusing  than  if  air  is  present.  For  this 
reason,  in  rheostats  and  electric-heating  apparatus,  where  a 
high  current  density  in  the  conductors  or  an  intense  heat  is 
desirable,  the  wire  is  embedded  in  cement,  enamel,  or  other 
substance,  which  not  only  insulates  the  conductors,  but  also 
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excludes  the  air  from  around  them.  The  incandescent  lamp 
affords  an  example  of  the  advantage  of  excluding  air  from  a 
highly  heated  conductor.  If  even  a  very  small  quantity  of 
air  remains  in  a  lamp  globe »  the  life  of  the  lamp  will  be 

TABIiE  VI 
CARRYING    CAPACITY    OF    TINNBD-IRON    WIRE 


43 

X, 

Ohms  per  Inch 
of  a  Spiral  Wound 
on  .4-rnch  Mandrel 

CO 

Maximum 

Safe  Current  Wit 

Wooden  Frame 

Amperes 

Maximum 

Safe  Current  Wit 

Iron  Frame 

Amperes 

1 

r 

1 
8, 

1 

1 

u 

Si 

8 

16,509 

17.40 

20.30 

43-6 

250.00 

.04000 

.0050 

9 

13.094 

14.60 

17.10 

36.6 

173.00 

■03300 

.0066 

lO 

10,381 

12.30 

14.30 

30-8 

137.00 

.02751 

.0095 

II 

8,234 

10.30 

12.00 

25.8 

108.00 

.02182 

.0131 

12 

6,529 

8.70 

10.10 

21.7 

86.40 

.01730 

.0182 

13 

5.178 

730 

8.50 

18.3 

68.50 

.01372 

.0245 

M 

4,106 

6.10 

7.10 

153 

54.30 

.01089 

.0353 

IS 

3.257' 

510 

6.00 

12.9 

43- 10 

.00863 

.0492 

16 

2.583 

4.30 

5.00 

10.8 

34.10 

.00685 

.0690 

17 

2,048 

3.60 

4.20 

9.1 

27.10 

.00543 

.0960 

18 

1,624 

3.00 

3.50 

7-6 

21.40 

.00430 

•1345 

19 

1,288 

2.50 

2.90 

6.3 

16.50 

.00341 

.1963 

20 

1,021 

2.20 

2.50 

5-4 

13-50 

.00271 

.2636 

21 

810 

1.80 

2.10 

4:5 

10.70 

.00231 

•3725 

22 

643 

1.50 

1.77 

3-8 

8.49 

.00184 

.5220 

23 

509 

^.30 

1.49 

3-2 

6.73 

.00146 

■7350 

24 

404 

1.08 

1.20 

2-3 

5-34 

.00116 

1.035 

much  shortened;    and  if  the  filament  were  in  open  air.  it 
would  immediately  be  consumed. 

4.     The  resistance  wire  in  rheostats  and  in  electric-heat- 
ing apparatus,  if   properly  protected  from  the  air,  may  be 
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operated  at  red  heat  without  material  injury;  but  this  is  sel- 
dom done,  because  it  is  difficult  to  maintain  gfood  insulation 
at  such  high  temperatures,  and,  moreover,  such  intense  heat 
in  these  appliances  is  seldom  necessary.  Tables  IV,  V,  and 
VI  give  the  safe  carrying  capacities  of  various  materials  used 
for  rheostats  and  electric-heating  appliances.  These  figures 
are  for  continuous  service  in  open  air;  for  intermittent 
service,  as  in  motor-starting  rheostats,  or  for  service  in  the 
absence  of  air,  considerably  more  current  can  be  carried 
safely,  as  indicated  by  the  fifth  column  in  Table  VI. 


APPLICATIONS  OF  ELECTRIC  HEAT 


GENERAL  CONSIDERATIONS 

5.  Advantagres. — In  the  electrical  devices  thus  far  con- 
sidered, the  development  of  heat  has  been  an  undesirable 
incident  rather  than  an  object.  Under  some  conditions,  how- 
ever, it  becomes  highly  desirable  and  possibly  economical  to 
convert  electricity  into  heat.  Some  of  the  advantages  of 
electric  heat  are  as  follows:  (1)  Its  instant  availability  on* 
closing  a  switch;  (2)  its  perfect  control,  as  heat  may  be 
obtained  by  its  use  in  almost  any  intensity  desired;  (3)  its 
perfect  adaptability,  as  it  may  be  applied  to  the  exact  location 
desired  and  in  such  a  way  that  only  very  little  heat  escapes 
to  the  surrounding  air  or  other  objects;  (4)  the  absence  of 
smoke,  flame,  dust,  poisonous  gases,  etc.;  (5)  the  absence 
of  fuel,  ashes,  etc.  to  be  handled,  or  fires  to  be  maintained; 
(6)  the  decreased  danger  from  fire  or  explosions. 

6.  Effect  on  Central  Station. — The  applications  of 
electric  heat  are  very  numerous,  and  fortunately  for  the 
interests  of  central-station  owners  and  managers,  most  of 
these  applications  call  for  electric  power  during  those  hours 
when  the  station  and  the  transmission  system  are  not  other- 
wise loaded  to  their  full  capacity.  The  addition  of  a  day  load 
to  an  ordinary  lighting  station  is  a  source  of  considerable 
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profit  to  the  station,  inasmuch  as  such  a  load  calls  for  no  addi- 
tional investment  in  generating  equipment  or  in  transmission 
lines,  but  permits  the  use  of  apparatus  already  installed  at 
more  nearly  a  constant  load.  With  a  good  day  load  of  motors 
or  heating  apparatus,  engines  and  generators  that  would 
otherwise  be  idle  and  useless  all  day  may  be  kept  ninning  at 
a  considerable  profit. 

It  is  evident,  then,  that  a  station  can  afford  to  sell  power 
during  its  periods  of  light  load  cheaper  than  during  its  max- 
imum load,  or,  as  commonly  called,  its  peak  of  load;  and  many 
stations,  in  order  to  encourage  a  day  load,  offer  special  rates 
or  other  inducements  for  the  use  of  motors,  heating  appli- 
ances, etc.  that  are  ordinarily  in  use  only  during  the  day. 
Central-station  managers  should  therefore  be  familiar  with 
all  electrical  devices  that  may  add  to  day  loads,  and  should 
lose  no  opportunity  to  impress  the  public  with  the  advantages 
to  be  obtained  by  the  use  of  electricity.  Electric  heating 
presents  a  very  promising  field  for  such  work. 

7,  Relative  Costs, — The  greatest  arguments  in  favor 
of  electric  heating  are  its  convenience  and  cleanliness;  these 
in  many  cases  are  sufficient  to  overbalance  the  objection  of 
increased  cost.  The  relative  cost  of  heating  by  electricity 
and  by  burning  coal  or  gas  depends  on  the  continuity  of  the 
service  required,  as  well  as  on  the  relative  prices  of  electric 
power  and  of  fuel.  If  a  small  amount  of  heat  is  required 
intermittently  for  short  periods  only,  as  for  heating  flat  irons, 
it  may  prove  more  economical  to  use  an  iron  that  is  heated 
electrically  rather  than  to  maintain  a  fire  in  a  range,  with  its 
great  waste  of  heat.  In  any  case,  it  has  been  found  that  electric 
power  at  2J  cents  per  kilowatt-hour  is  about  equal  to  gas  at 
$1  per  thousand  feet,  and  that  for  cooking  and  miscellaneous 
heating,  electric  power  at  4  to  5  cents  per  kilowatt-hour  can 
compete  successfully  with  coal  at  from  $6  to  $7.50  per  ton. 
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THAWING  FROZEN  WATER  PIPES 

8.  General  Method. — The  process  of  thawing  frozen 
water  pipes  by  electricity  consists  simply  in  sending  through 
the  pipe  a  current  of  electricity  'large  enough  to  heat  it. 
Alternating  current  is  generally  used,  because  almost  any 
current  strength  desired  can  be  easily  obtained.  In  cities 
and  towns  where  the  winters  are  severe,  many  of  the  central 
stations  provide  special  transformers,  each  having  a  sec- 
ondary winding  of  a  few  turns  of  very  heavy  copper  capable 
of  carrying  large  currents.  A  transformer,  together  with  the 
necessary  cables,  terminal  clamps,  measuring  instruments, 
rheostats,  etc.,  is  mounted  on  a  wagon  or  sled,  and  one  or 
more  such  outfits  are  kept  in  almost  continuous  use  through 
the  freezing  weather. 

When  a  request  is  made  for  the  services  of  the  pipe-thaw- 
ing outfit,  it  is  hauled  to  the  desired  place,  the  terminals  of 
the  primary  coil  connected  to  the  high-voltage  lighting  cir- 
cuit, the  terminals  of  the  secondary  coil  to  the  frozen  section 
of  the  pipe,  one  at  each  end,  and  an  electric  current  of  the 
proper  strength  turned  on.  The  current  strength  should  be 
suitable  for  the  work  to  be  performed;  a  large  pipe  of  low 
resistance  will  require  a  larger  current  than  a  small  pipe. 
Too  large  a  current  may  injure  the  pipe;  hence,  it  is  better 
to  use  a  more  moderate  current  for  a  longer  period  of  time. 
The  length  of  time  required  to  produce  running  water  in 
pipes  that  are  frozen  solid  varies  inversely  as  the  square  of 
the  current  used. 

9.  Pipe-Thawing  Data. — Table  VII  gives  figures 
obtained  in  practice,  showing  the  diameters  and  lengths  of 
frozen  pipes,  and  the  amperes,  volts,  and  time  required  to 
produce  running  water  in  each  size.  These  results  are  prob- 
ably a  fair  sample  of  what  will  always  be  obtained  in  prac- 
tice, but  are  too  inconsistent  to  permit  the  making  of  definite 
rules  to  be  followed  in  all  cases.  For  example,  a  1-inch 
pipe  700  feet  long  embedded  in  solidly  frozen  ground 
required  175  amperes  for  5  hours,  while  another  pipe  of  the 
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PIPE-THAWING    DATA 


Diameter 
Inches 

Length 
Feet 

Material 

Amperes 

Volts 

Time 
Minutes 

SO 

Lead 

250 

15    . 

5 

50 

Iron 

250 

20 

5 

70 

Iron 

300 

16 

15 

100 

Iron 

150 

20 

45 

180 

Lead 

i8S 

35 

15 

40 

Iron 

300 

50 

8 

60 

Iron 

320 

no 

25 

75 

Iron 

100 

50 

5 

80 

Iron 

300 

no 

23 

100 

Iron 

135 

55 

10 

TOO 

Iron 

300 

no 

II 

^50 

Lead 

250 

50 

12 

200 

Iron 

no 

50 

6 

200 

Iron 

120 

50 

I 

240 

Iron 

250 

52 

30 

250 

Iron 

120 

50 

10 

250 

Iron 

400 

50 

20 

380 

Iron 

300 

30 

10 

45 

Iron 

140 

220 

17 

90 

Iron 

280 

no 

10 

100 
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same  diameter  and  600  feet  long,  but  much  less  solidly 
frozen,  required  only  60  amperes  for  1  hour.  It  is  very 
seldom  that  an  ordinary  house  pipe  requires  more  than  from 
30  to  50  volts  and  300  amperes. 

10«  Thawing  Transformers. — The  thawing  trans- 
former should  be  compact  and  easily  portable.  If  specially 
designed,  the  transformer  usually  has  a  large  magnetic  leak- 
age, so  that  with  heavy  secondary  currents  there  will  be  a 
considerable  drop  of  voltage;  in  fact,  such  a  transformer 
may  be  short-circuited  for  several  minutes  without  injury. 
This  design  makes  the  transformer  so  bulky  that  it  is  used 
only  for  work  requiring  fairly  low  secondary  voltages;  for 
higher  voltages,  an  ordinary  lighting  transformer  with  a 
choke  coil  in  series  is  used.  The  choke  coil  accomplishes 
the  same  object  as  the  magnetic  leakage  in  the  special 
transformers. 

11,  Connections. — There  should  be  very  little  resist- 
ance in  the  secondary  circuit;  that  is,  the  secondary  mains 

^^^ ...._^, *  should  be  short,  and 

all  contacts  should 
be  made  secure.  In 
thawing  house  pi- 
ping, one  secondary 
lead  is  usually  con- 
nected to  a  faucet  and 
the  other  to  the  pipe 
where  it  enters  the 
house,  to  a  hydrant, 
or  to  a  faucet  in  a 
neighboring  house, 
the  object  being  to 
send  the  current 
through  all  the  frozen 
section.  In  thawing 
street  mains,  connections  maybe  made  to  two  hydrants  or  to 
one  hydrant  and  the  pipe  beyond  the  frozen  section,  as  shown 
in  Fig.  1. 
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WEIiDING 

12.  Thomson  Welding  Process. — By  the  ordinary 
process  of  welding,  two  pieces  of  metal  are  heated  to  the 
proper  welding  temperature  and  then,  while  still  hot,  are 
hammered  together  as  one  piece.  Many  welding  operations 
that  would  be  very  difficult  by  this  process  may  be  easily 
performed  by  aid  of  electric  current;  that  is,  by  the  process 
of  electric  -welding. 

The  Thomson  welding  process,  which  is  more  widely 
used  than  any  other,  is  illus- 
trated in  Fig.  2.  Alternating 
current  is  used  for  the  same 
reason  as  given  for  its  use  in 
thawing  frozen  water  pipes; 
namely»  because  a  large  current 
at  a  low  voltage  is  thereby  easily 
obtained.  The  current  from  an 
alternator  a  flows  through  the 
primary  coil  </  of  a  transformer  b 
by  way  of  a  switch  o,  A  reg- 
ulator t — preferably  an  adjust- 
able reactance  coil,  though  an 
adjustable  resistance  could  be 
used — enables  the  primary  cur- 
rent to  be  adjusted  as  desired. 
The  laminated  core  c  passes 
through  both  the  primary  coil  d 
and  the  secondary  coil  e.  The 
secondary  coil  consists  of  a 
very  few  turns,  sometimes  only  one,  of  heavy  copper,  and 
has  its  terminals  connected  to  the  water-cooled  clamps  /,£ 
holding  the  pieces  /,  m  to  be  welded.  Handles  Ay  k  operate 
the  cams,  by  which  pieces  /,  m  are  clamped.  One  clamp 
is  movable,  so  that  the  pieces  may  be  forced  together 
when  hot  enough;  this  is  sometimes  done  by  hand  and 
sometimes  automatically  by  air  pressure,  weights,  or 
springs. 


Fig.  2 
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13,  Only  a  very  low  voltage  is  needed  in  the  secondary 
circuit,  but  a  current  as  high  as  60,000  amperes  per  square 
inch  may  be  necessary  in  welding  some  metals,  as  for 
example,  copper.  A  low  frequency,  50  cycles  or  less  is  pre- 
ferred, especially  for  heavy  work  where  the  current  density 
is  very  great,  because  high  frequency  together  with  high- 
current  density  causes  high-inductive  effect  with  a  corre- 
sponding  reduction   of    the   power  factor   of   the   system. 


Fio.  3 

14,  Fig.  3  shows  a  Thomson  welder  for  miscellaneous 
work  up  to  6-square-inch  cross-section.  A  flat  iron  hoop  is 
shown  in  position  for  welding,  but  different  forms  of  clamps 
permit  the  handling  of  a  variety  of  work.  The  transformer 
is  contained  in  the  base  a  of  the  welder,  and  the  work  is 
held  by  clamps  b,  c,  operated  by  handles  d,  e,  A  lever  /  and 
a  toggle  g  serve  to  force  the  clamp  c  toward  b  when  the 
proper  heat  is  attained.  Water  is  circulated  through  the 
clamps  by  means  of  pipes  h,  h* ,  h.  The  pipe  h'  is  a  piece  of 
rubber  hose,  which  affords  the  necessary  flexibility  and  also 
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prevents  the  passage  of  current  between  the  clamps  by  way 
of  the  pipe.  The  current  can  pass  from  one  clamp  to  the 
other  either  by  crossing  the  joint  to  be  welded  or  by  going 
around  the  unjointed  portion  of  th^  hoop;  much  the  larger 
portion  takes  the  shorter  path  across  the  joint  between  the 
clamps  and  heats  the  abutting  ends  of  the  hoop.  The  welder 
just  described  is  a  simple  type;  for  some  special  work, 
welders  are  used  in  which  hydraulic  pressure  is  applied  and 
regulated  automatically. 

15.  Welding  Transformer. — In  Fig.  4  is  shown  one 
style  of  welding  transformer  that  will  illustrate  the  principles 
of  all.     This  transformer  has  two  laminated  cores,  one  of 


Fig.  4 

which  is  shown  at  a.  Linked  with  each  core  is  a  heavy 
copper  casting  d  that  forms  the  secondary  winding  of  only 
one  turn.  A  slit  c  between  the  clamps  d  compels  the  second- 
ary current  to  pass  through  the  work  held  between  the 
clamps.  The  primary  coil  is  not  shown  in  the  figure,  but 
its  place  is  in  the  recess  shown  in  the  secondary  casting. 
In  such  a  transformer  there  can  be  only  very  little  magnetic 
leakage,  and  the  secondary  current  may  be  very  large.  The 
secondary  circuit  of  a  welding  transformer  may  take  any 
form  most  convenient  for  clamping  and  holding  the  work. 
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16«     PoTvep   Required   for   Electric  Welding. — The 

time  required  for  making:  a  weld  varies  inversely  with  the 
amount  of  power  supplied;  that  is,  the  greater  the  power 
the  shorter  the  time,  and  the  less  the  power  the  longer  the 
time.  Metals  that  are  deteriorated  by  being  heated,  such  as 
copper,  brass,  and  toqj  steel,  must  be  welded  rapidly.  The 
pressure  must  be  great  enough  to  crowd  out  from  the  weld 
all  metal  harmed  by  the  heat. 

Table  VIII,  given  by  the  Thomson  Electric  Welding  Com- 
pany, shows  the  power  required  for  welding  iron,  copper,  and 
brass  of  varying  cross-sections.  Tests  have  shown  that  from 
70  to  75  per  cent,  of  the  power  supplied  is  actually  used  in 
making  the  weld,  so  that  there  is  comparatively  little  heat 
wasted.  Although  there  is  a  great  loss  of  heat  in  the  steam 
engine,  and  also  some  loss  in  the  dynamo,  it  has  been  found 
that  the  fuel  cost  for  electric  welding  is  but  little  more 
than  for  welding  by  the  ordinary  process,  because  in  the 
electric  process,  nearly  all  the  heat  is  applied  just  where  it 
is  wanted. 

17.  Advantages. — Electric  welding  is  especially 
adapted  to  intermittent  work  and  to  making  welds  where  it 
would  be  very  difficult  to  apply  the  heat  by  any  other 
method.  When  metals  are  heated  by  electric  current,  the 
central  part  gets  hot  first;  hence,  electric  welds  are  solid 
throughout.  Welds  made  by  the  external  application  of  heat 
are  often  imperfect  in  the  center,  leaving  the  joint  weak. 

18.  Rail  Welding?. — A  special  application  of  the  Thom- 
son welding  process  is  the  joining  of  steel  rails,  thus  making 
the  track  one  continuous  piece.  When  rails  are  surrounded 
by  paving,  it  has  been  found  that  they  can  be  joined  in  this 
way  without  being  thrown  out  of  line  by  the  expansion  and 
contraction  due  to  heat  and  cold.  Before  the  weld  is  made, 
the  surfaces  to  be  welded  are  thoroughly  cleaned  either  by 
grinding  or  by  means  of  a  sand  blast. 

A  special  form  of  welder  is  suspended  from  a  boom  car- 
ried by  a  car  designed  for  the  purpose;  the  contacts  of  the 
welder  are  brought  against  opposite  sides  of  the  rail,  and,  by 
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means  of  the  current,  two  pieces  of  iron  are  welded  on  at  the 
joint,  one  piece  on  each  side.  When  the  pieces  have  been 
heated  to  a  welding  heat,  pressure  is  applied  by  means  of  a 
hydraulic  jack.  A  joint  made  in  this  manner  on  a  70-pound 
rail  will  stand  a  strain  of  279,000  pounds,  whereas  the  max- 
imum strain  placed  on  the  rail  on  account  of  variations  in 
temperature  is  150,000  pounds. 

The  current  for  welding  is  obtained  from  a  transformer, 
the  primary  of  which  is  supplied  from  a  rotary  converter 
that  takes  direct  current  at  500  volts  from  the  trolley  line 
and  converts  it  to  about  300  volts  alternating.  The  average 
current  supplied  to  the  primary  of  the  transformer  during  a 
welding  operation  is  about  650  amperes.  The  electrical 
conductivity  of  the  joint  is  as  great  as  that 
of  the  rail  itself,  and  under  proper  con- 
ditions four  joints  per  hour  can  be  made. 


f^Afftm^hf 
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ANNEALING 

19.     Electric  annealing:,  another 
application  of  electric  heating,  is  a  proc- 
ess by  which  parts  of  steel  plates  or  cast- 
ings on  which  it  is  desired  to  perform 
Fig.  5  machine  work  are  softened.     The  heavy 

secondary  terminals  of  a  special  transformer  are  placed  on 
the  part  to  be  softened,  as  shown  in  Fig.  5,  and  a  large  cur- 
rent sent  through  it.  The  part  is  thereby  heated  and  soft- 
ened, but  other  parts  of  the  casting  are  not  afiEected. 


EliECTROIiTTIC  FORGE 

20.  An  electrolytic  forge,  or  tempering:  bath,  con- 
sists of  a  metallic-lined  vessel  containing  water  or  a  suitable 
solution.  The  solution  is  made  the  positive  electrode  of  a 
direct-current  dynamo,  while  a  piece  of  metal  to  be  heated  is 
made  the  negative  electrode.  Fig.  6  illustrates  the  device; 
the  piece  of  metal  a  rests  on  a  contact  bar  e,  to  which  the 
negative  side  of  the  circuit  is  connected,  and  extends  into 
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the  liquid  b.     The  vessel  c  has  a  metal  lining  rf,  to  which  the 
positive  side  of  the  circuit  is  connected. 

When  the  metal  is  plunged  into  the  liquid  and  touched  to 
the  rod  ^,  a  current  begins  to  flow  through  the  liquid  to  the 
rod  and  a  layer  of  hydrogen  gas  immediately  forms  around 
the  submerged  portion.  The  gas  introduces  so  much  resist- 
ance between  the  metal  and  the  liquid  that  intense  heat  is 


Pio.  8 

developed  at  the  surface  of  the  metal.  By  adjusting  the 
strength  of  the  current  and  the  time  it  is  allowed  to  flow,  any 
required  degree  of  heat  can  be  obtained,  even  to  melting  the 
metal.  This  is  called  the  Hoho  process,  after  its  discoverer, 
Paul  Hoho.  In  a  modification  of  the  process,  the  metal  is 
brought  in  contact  with  only  the  surface  of  the  liquid,  and 
the  liberated  hydrogen  is  burned,  thus  helping  to  raise  the 
temperature  of  the  metal. 

21,  By  the  Hoho  process,  metals  may  be  tempered  with 
a  great  degree  of  accuracy.  The  current  may  be  adjusted 
until  the  submerged  portion  of  the  metal  is  at  the  proper 
temperature  and  then  shut  off,  leaving  the  metal  in  contact 
with  cold  water  or  tempering  solution  and  thus  tempering  it. 
Any  composition  it  is  desired  to  use  in  tempering  may  be 
dissolved  in  the  liquid.  The  heating  is  under  such  perfect 
control  that  the  tempering  may  be  carried  to  any  desired 
depth  from  the  surface  of  the  metal.      Suitable  insulating 

46B — 10 
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shields  placed  over  portions  of  the  metal  prevent  the 
development  of  heat  on  surfaces  that  are  not  to  be  tempered. 
Large  surfaces,  such  as  the  wearing  surfaces  of  steel  rails, 
steel  axles,  shafting,  cannon,  etc.,  may  be  tempered  by 
exposing  small  portions  at  a  time  to  the  action  of  the 
current  and  the  tempering  bath,  the  remaining  portions 
being  covered  with  shields. 

By  the  Hoho  process,  metals  are  heated  in  an  envelope  of 
hydrogen  gas,  which  prevents  oxidation  and  thus  makes  this 
process  very  desirable  for  all  operations  where  oxidation  is 
objectionable.  Soldering  is  one  such  operation,  and  metals 
that  are  very  difficult  to  solder  by  any  other  process  can  be 
easily  soldered  by  using  an  electrolytic  forge. 


FURNACES 

22.  When  current  is  made  to  flow  across  an  air  gap 
between  two  electrodes,  an  electric  arc,  a  bow-shaped  flame  of 
great  brilliancy  and  intense  heat,  is  produced.  The  temper- 
ature of  the  electric  arc  is  the  highest  attainable,  being  in  the 
neighborhood  of  3,500°  C;  and  in  an  electric  furnace,  in 
which  the  arc  is  confined  in  an  enclosed  space,  any  known 


Pig.  7 

substance  can  be  melted  or  vaporized.  Carbon  is  nearly 
always  used  for  electrodes,  as  it  will  best  withstand  the  heat. 
Fig.  7  shows  a  simple  form  of  electric  furnace,  consisting 
of  a  crucible  a  of  refractory  material  surrounded  by  firebrick 
and  covered  by  a  fireclay  slab  b.  Carbon  rods  r,  d  enter  from 
each  side  and  form  the  electrodes.  The  arc  is  started  either 
by  sliding  one  carbon  in  until  it  touches  the  other  and  then 
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withdrawing  it,  or  by  placing  a  very  small  carbon  rod,  say 
about  iV  inch  in  diameter,  between  the  carbon  points  before 
turning  on  the  current;  when  the  current  is  turned  on,  the 
small  rod  will  very  soon  burn  out  and  the  arc  will  start. 

In  some  furnaces,  the  crucible,  or  containing  vessel,  is 
made  of  carbon  and  forms  one  electrode.  Many  styles  of 
electric  furnaces  are  in  use  in  electrometallurgical  and  electro- 
smelting  work.  They  enable  the  production  of  high  temper- 
atures in  very  confined  spaces  and  without  the  admission 
of  air.  

AIR  AND  WATER  HEATING 


AIR    HEATING 

23,  It  requires  an  expenditure  of  18  watts  (18  joules  per 
second)  to  raise  the  temperature  of  1  cubic  foot  of  air  1®  F. 
per  second.  From  this  may  be  calculated  the  exact  power 
required  to  raise  the  temperature  of  a  room  a  definite 
amount,  provided  the  room  is  tightly  closed  and  has  non- 
conducting walls  so  that  no  heat  can  escape.  If  the  room  is 
ventilated,  or  if  the  walls  conduct  heat  readily  and  the  rate 
at  which  heat  escapes  cannot  be  determined,  it  is  impossible 
to  calculate  the  amount  of  heat  required  to  raise  the  tem- 
perature to  a  given  point  or  to  maintain  it  after  being  raised. 
Less  heat  is  required  to  maintain  the  temperature  of  a  room 
at  a  given  value  than  to  raise  it  to  that  value  from  a  lower 
one;  also,  the  quantity  required  for  such  maintenance  is 
inversely  proportional  to  the  amount  of  ventilation  and  to 
the  temperature  of  the  outside  air. 

Example. — It  is  desired  to  raise  the  temperature  of  an  electric  oven 
6  ft.  X  10  ft.  X  8  ft.,  inside  dimensions,  from  60°  to  175"  P.  in  i  hour, 
the  heaters  being  supplied  with  current  at  600  volts,  (a)  Assuming 
that  no  heat  is  lost,  what  will  be  the  total  current  required  to  heat 
the  oven?  (d)  If  two  heaters  are  used  in  parallel,  what  will  be  the 
resistance  of  each? 

Solution.— (a)  The  cubical  contents  of  the  oven  is  6  X  10  X  8 
=  480  cu .  ft.  The  total  rise  of  temperature  is  175  -  60  =  115°  F. ,  and  at 
18  joules  per  cu.  ft.  for  each  degree,  there  would  be  required  for  1  sec. 
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18  X  480  X  115  =  993,600  joules.  Since  this  energy  is  to  be  expended 
in  i  hr.,  or  1,800  sec,  the  joules  per  sec.,  or  the  watts,  must  be 
993,600  -5-  1,800  =  552;  and  the  current  at  600  volts  is  552  ^  500 
=  1.104  amperes.    Ans. 

( d)     The  current  taken  by  each  heater  is  1.104  -^  2  =  .552  ampere,  and 

ip        500 
the  resistance  of  each  heater  by  Ohm's  law,  /^  =  -=,  is  --=^^  =  906  ohms, 

nearly.     Ans. 

In  the  foregoing  example  and  solution  no  account  is  taken 
of  the  heat  absorbed  by  the  walls  of  the  oven  or  of  that 
which  escapes  to  the  outside  air.  The  quantity  of  heat 
actually  required  would  be  considerably  greater  than  indi- 
cated by  the  estimates  just  stated;  in  practice,  it  is  best,  in 
case  the  exact  quantity  has  not  been  experimentally  deter- 
mined, to  install  with  each  heater  a  regulator  by  means  of 
which  the  current  can  be  adjusted  to  suit  the  requirements. 

24,  liuminous  Radiator. — Every  electrical  device  in 
which  there  is  any  considerable  expenditure  of  energy  gives 
off  heat  to  the  surrounding  air,  even  though  the  device  is  not 
intended  for  this  purpose.     About  97  per  cent,  of  the  energy 

expended  in  electric  lamps  is 
converted  into  heat.  This 
fact  has  been  made  use  of  in 
the  manufacture  of  lumi- 
nous radiators,  such  as 
shown  in  Fig.  8.  Three  or 
more  large  incandescent 
lamps,  especially  designed 
for  the  production  of  heat 
rather  than  light,  are  assem- 
bled in  an  ornamental  cast- 
iron  casing.  Back  of  the 
^'°*  *  lamps  is  a  polished  copper  re- 

flector, which  throws  most  of  the  heat  out  in  front  of  the  heater. 
These  devices  are  made  in  two  sizes,  consuming,  respectively, 
750  and  1500  watts  on  either  110-  or  220-volt  circuits. 

25.  Car  Heater. — A  type  of  car  heater,  for  use  with 
direct  current  only,  is  shown  in  Fig.  9.     The  resistance  wire 
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is  wound  in  a  long  helix  with  a  central  flexible  insulated  cord  a. 
The  helix  is  looped  over  porcelain  insulators  attached  to  oppo- 
site sides  of  steel  strips  by  and  the  whole  is  protected  from 


Pig.  9 

accidental  contact  with  persons  or  clothing  by  suitable  gra- 
tings. This  style  of  heater  is  unsuitable  for  alternating  cur- 
rent on  account  of  the  high  self-induction  of  such  a  winding. 
Many  other  types  of  air  heaters  are  in  use  for  electric-car 
heating. 

26,  Economy.  — At  the  prices  usually  charged  for  energy, 
the  cost  of  heating  by  means  of  electric  air  heaters  is  too  high 
to  make  them  economical  for  continuous  use  in  heating  dwell- 
ing houses  and  living  rooms;  but  for  removing  the  dampness 
from  living  rooms  during  the  summer  and  for  use  for  short 
periods  only  during  the  cool  days  of  late  spring  or  early  fall, 
they  are  practicable.  

WATER    HEATING 

27.  It  has  been  found  by  careful  measurement  that  the 
conversion  of  778  foot-pounds  of  work  into  heat  will  produce 
exactly  the  quantity  of  heat  required  to  raise  the  temperature 
of  1  pound  of  water  1°  F.;  hence,  778  foot-pounds  is  called 
the  mechanical  equivalent  of  heat.  There  is  .737  foot-pound 
in  1  joule;  hence,  the  mechanical  equivalent  of  heat  expressed 
in  electrical  units  is  778  -^  .737  =  1,055  joules.  As  1  gallon 
of  water  weighs  8.34  pounds,  it  requires  the  conversion  of 
8.34  X  1,055  =  8,798.7  joules  into  heat  to  raise  the  tempera- 
ture of  1  gallon  of  water  1°  F.     Since  1  joule  is  equal  to 
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1  watt-second,  and  there  are  3,600  watt-seconds  in  1  watt- 
hour,  8,798.7  4-  3,600  =  2.444  watt-hours  will  be  required  for 
1®  F.  rise  in  the  temperature  of  1  gallon  of  water,  provided 
there  are  no  heat  losses. 

As  a  matter  of  fact,  in  practical  heating  operations,  consid- 
erable heat  is  always  lost;  the  containing  vessel  absorbs  some 
heat,  while  some  escapes  to  the  surrounding  air.  The  actual 
efficiencies  of  commercial  electric  water  heaters  varies  between 
wide  limits.  Assuming  80  per  cent,  as  a  fair  average,  the 
energy  required  to  raise  the  temperature  of  1  gallon  pf  water 
from  50^  F.  to  the  boiling  point,  212°  F.,  or  a  total  rise  of 
162°  F.,  is  162  X  2.444  x  W  =  495  watt-hours. 

The  power  required  depends  inversely  on  the  time  in  which 
the  work  must  be  done;  for  example,  in  the  preceding  prob- 
lem, if  the  gallon  of  water  is  to  be  boiled  in  i  hour,  2  X  495 
=  990  watts  will  be  required,  and  if  in  i  hour,  4  X  495  =  1,980 
watts  will  be  required. 

ExAMPLB.— (a)  Assuming  that  an  electric  water  heater  has  an  efl5- 
ciency  of  85  per  cent. ,  how  much  power  in  watts  will  be  required  to 
raise  the  temperature  of  2  quarts  of  water  from  60°  F.  to  boiling  point 
in  20  minutes?    {d)  What  will  be  the  current  at  220  volts? 

Solution.— (a)  Since  2  qt.  =  -J^  gal.,  i  X  2.444,  or  1.222  watt- 
hours,  is  required  for  each  degreo  rise  without  any  losses.  For 
212  -  50,  or  162°  rise,  there  will  be  required  162  X  1.222  =  198  watt- 
hours  at  100-per-cent.  efficiency.  At  85-per-cent.  efficiency,  the  energy 
must  be  198  X  ^  =  233  watt-hours.  If  the  work  must  be  done  in 
20  min.,  or  ^  hr.,  the  power  must  be  3  X  233  =  699  watts.    Ans. 

id)  The  current  at  220  volts  will  be  699  -5-  220  =  3.2  amperes, 
nearly.    Ans. 


HEATING  APPLIANCES  FOR  DOMESTIC  USB 

28.  All  electric-heating  devices  for  domestic  use  may 
be  classified  as  lighting-circuit  devices  and  heating-circuit 
devices.  The  llglitlng-circult  devices  are  those  which 
take  about  500  watts  or  less,  and  which  may  be  connected  to 
the  ordinary  branch  circuits  without  any  special  wiring.  The 
heatlDsr-circuit  devices  require  special  circuits,  as  the 
ordinary  branch-lighting  circuits  are  not  of  sufficient  capacity. 
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In  view  of  the  fact  that  the  use  of  domestic  electric-heat- 
ing devices  is  constantly  increasing,  new  dwelling  houses 
should  be  provided  with  special  heating  circuits  having  out- 
lets wherever  large  heating  appliances  are  to  be  used. 
Architects  and  electrical  contractors  should  urge  this  matter, 
as  the  installation  of  such  circuits  may  save  considerable 
future  annoyance  and  expense. 

29.  Among  the  many  electrical  devices  for  domestic  heat- 
ing may  be  mentioned  flat  irons,  coffee  pots,  teapots,  water 
heaters,  chafing  dishes,  stoves,  plate-warming  closets,  grid- 
dles, warming  pads,  curling-iron  heaters,  etc.  In  such  devices, 
the  heating  circuits  are  arranged  as  closely  as  possible  to  the 
surfaces  to  be  heated,  so  as  to  make  the  efficiency  of  con- 
version from  electricity  into  useful  heat  as  high  as.  possible. 
Generally,  each  manufacturing  company  has  adopted  a  dis- 
tinctive method  of  making  and  insulating  the  resistances. 

30.  Heating:  Units. — The  General  Electric  Company 
makes  a  cylindrical  unit  by  winding  flat  resistance  ribbon 
edgewise  in  the  form  of  a  helix  on  an  arbor,  and  holding  the 
turns  rigidly  in  place,  and  at  the  same  time  insulating  them, 
with  a  cement;  the  whole  forms  a  solid  tube,  which  is 
wrapped  in  a  thin  sheet  of  mica 
and  enclosed  in  a  shell,  or  car- 
tridge, as  shown  in  Fig.  10. 
These  units  are  inserted  into  _ 

Pro.  10 

close-fitting    chambers    in    flat 

irons,  stoves,  or  other  devices,  and  are  readily  replaced  if 

they  burn  out. 

The  same  company  makes  a  flat  heating  disk  by  insula- 
ting the  surface  to  be  healed  with  an  application  of  quartz 
enamel — made  by  mixing  finely  divided  quartz  grains  with 
an  insulating  enamel — and  then  winding  resistance  wire 
spirally  on  the  enamel.  The  wire  is  held  in  place  by  apply- 
ing another  coat  of  enamel  over  it.  The  Simplex  Electric 
Heating  Company  employ  the  same  method,  except  for 
differences  in  the  quality  of  the  insulating  enamel  in  which 
the  resistance  wire  is  embedded  and  sealed. 
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31.     The  Prometheus  heating:  unit,  shown  in  Fig.  11, 
consists  of  a  strip  of  mica   carrying  a  thin  layer  of  non- 

oxidizable  metal  firmly  secured 
to  the  mica  by  a  process  of 
firing.  This  conducting  strip  is 
protected  by  another  piece  of 
mica  placed  over  it,  and  the 
whole  is  bent  into  any  desired 
form  and  enclosed  in  a  metallic 
casing. 

The  resistance  used  by  the 
Hadaway  Electric  Heating  Company  is  composed  of  iron  strip, 
or  ribbon,  with  deep,  narrow  notches  punched  in  the  edges, 
as  shown  in  Fig.  12.     This  ribbon  is  first  insulated  by  a 


Fig.  11 
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wrapping  of  mica,  and  is  then  laid  in  molds,  where  the  metal 
of  the  heating  device  is'  cast  around  it,  thus  making  the 
resistance  unit  an 
integral   part  of   the 
heater. 

32.  All  heating 
resistances  for  use 
with  alternating  cur- 
rent should  be  non- 
inductive,  as  the' 
production  of  heat 
depends  only  on  the 
square  of  the  current 
and  the  ohmic  re- 
sistance; inductances 
would  cause  voltage 
losses  that  would  result  in  no  additional  heat.  Non-inductive 
effects  are  produced  by  making  the  current  follow  a  zigzag 


Fio.  18 


Digitized  by 


Google 


§57  ELECTRIC  HEATING  27 

path,  as  suggested  in  Fig.  12;  or,  if  the  resistance  is  in  the  form 
of  a  helix,  by  making  the  winding  such  that  the  current  must 
travel  an  equal  number  of  times  each  way  around  the  helix. 

33.     Fig.  13  shows  the  method  of  applying  the  General 
Electric  cylindrical  units  to  the  bottom  of  a  glue  pot.     In 


Pio.  14 

some   utensils  the  units  are  so   applied  as   to   be   almost 
entirely  surrounded  by  the  liquid  to  be  heated.     Fig.  14  (a) 
shows  the  interior  of  a  Pacific  Heating  Company  flat  iron, 
showing  the  positions  of   the  two  heating  units,  and   (d) 
shows  the  complete  iron  with  its  end  so  shaped  that  the 
iron  will  stand  vertically  when  not  in  use.     This  method  of 
locating  the  heating  units  in  the  iron  causes  most  of  the  heat 
to  be  developed  near  the  point  and  along  the  edges  of  the 
iron,  where  it  is  most  needed.     The  stand,  by  holding  the  iron 
in  a  vertical  position,  enables  the  heat  to  escape  more  easily 
when  the  iron  is  not 
in  use,  thus  avoiding 
the  danger  of  a  burn- 
out if  the  current  is 
left  on. 

34.     Flat-iron 
Stand  and  Heater. 

When  a  flat  iron  is  in  P'®-  ^^ 

use,  heat  escapes  from  it  much  more  rapidly  than  when  it 

is  idle;  hence,  more  rapid  development  of  heat  is  required 
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in  order  to  keep  up  a  given  temperature.  If  an  electric  flat 
iron  is  allowed  to  stand  idle  in  a  horizontal  position  with  the 
same  current  flowing  through  it  as  is  required  while  it  is  in 

use,  the  iron  will  over- 
heat. Fig.  15  shows 
a  simplex  stand  for 
an  electric  flat  iron;  a 
switch  a  is  so  ar- 
ranged that  the  act  of 
setting  the  iron  on 
the  stand  cuts  an  ad- 
ditional resistance  in 
series  with  the  heat- 
^'®-  ^^  ing  circuit  of  the  iron, 

so  as  to  prevent  overheating  and  at  the  same  time  save  current. 
Fig.  16  shows  a  Hadaway  heater  for  four  ordinary  irons. 
Similar  heaters  are  made  for  any  number  of  irons.  An 
objection  to  this  plan  is  that  the  heater  remains  in  operation 
while  the  irons  are  in  use,  and  some  heat  is  thereby  uselessly 
dissipated  to  the  sur- 
rounding air. 

35.     Heatings  Pad. 

Fig.  17  shows  a  heat- 
iDg:  pad  to  be  used  as 
a  substitute  for  a  hot- 
water  bottle.  This  ap- 
pliance is  very  useful 
in  hospitals  and  in 
private  homes.  Flex- 
ible resistance  wire  is 

embedded  in  non-com-  ^'*^'  ^' 

bustible  insulating  material,  and  the  same  material  covers 
the  leads  far  enough  from  the  pad  to  avoid  all  danger  of 
burning  the  bed  clothing. 
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MlSCEIiliANEOUS  HEATING  DEVICES 

36*  Print! Dg:  and  Binding  Machinery. — Other  appli- 
ances that  will  assist  in  building  up  a  day  load,  provided 
they  can  be  introduced  in  sufficient  number,  are  heating 
devices  for  use  in  printing  and  bookbinding  establishments; 
also  irons,  hot  rolls,  etc.  for  laundries,  hatters*  tools,  tailors' 
irons,  glue  pots,  soldering  irons,  cigar  lighters,  etc. 

In  a  printing  and  bookbinding  establishment  there  are 
a  great  many  calls  for  heat,  most  of  them  of  an  intermittent 
nature.  Electric  heaters  have  been  found  very  desirable  for 
such  work,  on  account  of  the  perfect  control  and  ready 
adaptability  of  the  heat.  The  Government  Printing  Office  at 
Washington,  D.  C,  probably  has  the  most  extensive  equip- 
ment of  electrical  devices  for  use  in  printing  and  bookbind- 
ing>'  these  devices  range  in  energy  density  from  .75  to  4  watts 
per  square  inch  of  superficial  area  of  the  heaters. 

37.  Liaundry  Machinery. — Electric  laundry  machin- 
ery has  proved  to  be  economical  and  satisfactory  in  service, 
as  well  as  a  source  of  income  to  the  central  station.  Many 
laundries  are  equipped  not  only  with  electrically  heated  flat 
irons,  but  also  with  electrically  heated  ironing  rolls.  It  is 
evidently  a  simple  matter  to  arrange  an  electric-heating  cir- 
cuit inside  an  iron  cylinder,  so  that  the  surface  of  the  cylinder 
can  be  kept  as  hot  as  desired.  Suitably  arranged  slip  rings 
and  brushes  conduct  the  current  from  the  stationary  part  of 
the  circuit  to  the  revolving  part. 

38.  Power  Consumption. — The  power  consumption 

of  electric-heating  appliances  varies  so  much  with  the  size  of 
the  heater  and  the  rate  at  which  it  is  designed  to  furnish  heat 
that  it  is  impossible  to  give  any  figures  that  are  generally 
applicable.  The  following,  however,  may  be  useful:  Flat 
iron,  family  size  (6  pounds),  500  watts;  chafing  dish,  3-pint 
size,  500  watts;  water  heater  to  raise  the  temperature  of 
1  quart  from  60°  F.  to  212°  F.  (boiling  point)  in  10  minutes, 
650  watts;  glue  pot,  1-quart  size,  440  watts;  soldering  iron 
(Vulcan),  equivalent  of  3-pound  soldering  copper,  150  watts. 
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NoTB. — AU  items  in  this  index  refer  first  to  the  section  (see  the  Preface),  and  then 
to  the  page  of  the  section.  Thus.  "Air  heating.  $57.  p21."  means  that  air  heating  will  be 
found  on  page  21  of  section  57. 

Applications  of  electric  heat.  fi57.  p8i 

of  Moore  tubes.  fi55.  p44. 
Approved  conduit  systems.  J44,  p49. 
Arc  Advantages  of  enclosed.  §34,  plO. 
Advantages  of  open,  J34,  plO. 
Character  of  enclosed.  534.  p9. 
circuits,  Laying  out,  §35,  p2. 
circuits.  Lightning  protection  for.  $35  pl6. 
Crater  of.  §34.  p2. 
dynamo.  Brush.  $35,  pl9. 
dynamo.  Wood,  $35,  p22. 
Electric.  $34.  pi. 
lamp.  Beck.  $55.  p56. 
lamp.  Brush.  $34.  p41. 
lamp.  Economizer  of  Excello.  $56,  p53. 
lamp.     Excello    alternating-current,     $55, 

p52. 
lamp.  Excello  dir  ct-current.  $65.  p50. 
lamp.  Excello  flaming,  $55.  p50. 
lamp.  Magnetite,  $34.  p58. 
lamp,  Photometry  of  the,  $34,  pl6. 
-lamp  ptilleys,  $35.  p6. 
lamp.  Shunt  type  of  series,  $34,  p41. 
lamps.  Adjusting.  $34.  p65. 
lamps.  Alternating-current  open-,  $34,  pi 7. 
lamps.  Burned-out  coils  in,  $34,  p66. 
lamps,  Candlepower  of,  $34,  p20. 
lamps,  Carbone,  $55,  p61. 
lamps.  Care  of.  $34,  p64. 
lamps.  Comparative  tests  of.  $55,  p58. 
lamps.  Comparison  of  various  types  of,  $55, 

p61. 
lamps.  Cut-outs  on.  $35.  p9. 
lamps.  Direct-current  enclosed-.  $34,  pi 8. 
lamps.  Direct-current  open-,  $34,  pl6. 
lamps.  Examples  of.  $34,  p41. 
lamps.  Flaming.  $34,  p58. 
lamps  for  street  lighting,  Height  of,  $35, 

p4. 
lamps.  Impregnated  carbons  for  flaming. 

$55,  p58. 


Accumulator,  Nature  of.  $27,  pi. 

Phillips-Entz.  $27,  p26. 

The  chloride.  $27,  pi 5. 
Accumulators,  Bimetallic,  $27.  p26. 

Classes  of.  $27,  p2. 

General  data  on  chloride,  $27,  p84. 

Lead.  $27,  p2. 

Rating  of,  $27.  p6. 

Use  of.  in  central  stations.  $27,  p54. 
Advantages  of  electric  heat,  $57.  p8. 

of  electric  welding,  $57,  pi 7. 
Aging  of  transformer  iron,  $33  p53. 
Air  heating,  $57,  p21. 
Alarms,  Burglar,  $45.  p40. 
Alternating-current  arc-light  dynamos.   $35. 
p25. 

-current  arc  switchboards,  Western   Elec- 
tric. $35.  p49. 

-current  constant-current  system.  $33,  p34. 

-current    constant-potential    system,    $33. 
pl5. 

-current  endosed-arc  lamps.  $34   p20. 

-current  enclosed-arc  series  lamps.  $34,  p49. 

-current  lines,  Calculations  for,  $33.  p49. 

-current  open-arc  lamps,  $34,  pi  7. 
Alternators,  Constant-current.  $35.  p25. 
Ammeter  jack.  $35.  p41. 
Ampere-hour  efficiency,  $27,  pll. 
Amyl-acetate  unit,  $32,  pl3. 
Anchored  filament,  $32,  p5. 
Annealing,  $57,  pl8. 
Annunciator  circuits.  Bell  and.  $46,  p29. 

Needle,  $45,  p27. 

Self-restoring,  $45,  p27. 

Wiring  for  elevator,  $45,  p38. 

Wiring  for  return-call.  $45.  p32. 
Annunciators,  $45,  p26. 
Apparatus  for  series  lighting  system,  $46,  p49. 
Appliances  for  domestic  use,  Heating.   $67 
p24. 
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lamps.  Lightning  arrester  for,  f35.  pl6. 

lamps.  Magnetite  luminous-,  {55,  p62. 

lamps.  Methods  of  distribution  of.  {34,  p26. 
'     lamps,  Open-,  534,  p41. 

lamps.  Parallel  distribution  of,  {34.  p31. 

lamps.  Power  consumption  of,  {34,  p24. 

lamps.  Series.  {34.  p38. 

lamps.  Series  distribution  of.  {34.  p26. 

lami>s.  Special  applications  of,  {34,  p60. 

lamps.  Trimming,  {34.  p64. 

lamps.  Types  of,  {34,  p35. 

lamps.  Wiring  for,  {46.  pl3. 

lamps.  Wiring  for  constant-current,   {45. 
pl4. 

-light  carbons.  Arrangement  of.  {34,  pll. 

-light  dynamos,  {36,  pi 7. 

-light  dynamos.  Alternating-current,   {35, 
p25. 

-light  lines.  Testing,  {36.  plO. 

-light  switchboards,  {35,  p32. 

-light  wiring.  Drop  in.  {43,  p51. 

lighting.  {34,  pi;  {35,  pi. 

lighting,  Line  construction  for,  {35,  p3. 

lighting.  Line  work  for,  {35,  pi. 

lighting,  Watts  per  square  foot  for  interior, 
{34.  p26. 

lights  on  low-potential  circuits,  Rules  for. 
{45.  pl3.  ' 

lights.  Sire  of  wire  for,  {43,  p52. 

machines.    Constant    direct-current.    {35, 
pl7. 

machines  in  series.  Running,  {35.  p24. 

machines.  Reversal  of  polarity  in,  {35,  p23. 

switchboards,  Construction  and  operation 
of,  {35.  p33. 

Temperature  of.  {34,  p3. 

Voltage  of  the.  {34.  p4. 
Arcs.  Enclosed,  {34,  p5. 

Open,  {34,  pi. 
Armored  conduit.  Flexible,  {44,  p59 

twin  cable.  {44.  p23. 
Arrangement  of  lighting  apparatus,  {45.  p46. 
Automatic  burner.  {45.  p45. 

cut-outs.  {43.  p23. 

cut-outs.  Rules  for,  {43,  p24. 

drop,  {45,  p38. 

mercury- vapor  lamp  type,  {55,  p66. 
Automobile  batteries,  {27.  p23. 

battery.  Gould,  {27,  p24. 

battery.  Porter.  {27.  p24. 

battery.  Willard,  {27,  p24. 
Autotransformers.  {35.  p30. 


Balancer.  {33,  p9. 
Balancing  coils.  {35,  p31. 


Ballast.  {32.  p41. 

for  Nemst  lamp.  {55.  p20. 
Bar.  Photometer,  {32.  pi 8, 
Bare  copper  wire,  B.  &  S.  gauge.  Dimensions 

of,  {43.  pl6. 
Base.  Edison,  {32.  plO. 

of  lamp.  {32.  pO. 

Thomson-Houston,  {32.  plO. 

Westinghouse,   or  Sawyer-Man,  {32,  pll. 
Bases,  Lamp,  {43.  p41. 
Batteries.  {45.  p23. 

Automobile.  {27,  p23. 

in  lighting  stations.  Storage.  {33.  p62. 

Storage.  {27.  pi. 
Battery  charged  from  dynamo,  {27,  p60. 

Charging  the,  {27.  p37. 

Closed-circuit  type  of,  {45,  p24. 

Discharging  the.  {27.  p39. 

discontinued.  {27.  p43. 

Exide,  {27.  p23. 

Gould  automobile,  {27,  p24- 

Gould  storage,  {27,  pl8. 

Gravity-cell.  {46,  p24. 

Inspection  of  cells  of,  {27.  p40. 

into  commission.  Putting,  {27,  p43. 

Nature  of  secondary,  {27,  pi. 

Occasionally  used,  {27.  p43. 

Open-circuit  type  of,  {45.  p23. 

out  of  commission.  Putting.  {27,  p43. 

out  on  line.  {27.  p60. 

Porter  automobile.  {27.  p24. 

Regulating  appliances  for  storage.  {27.  p64. 

Selection  of.  for  given  service,  {27,  p62. 

storage.  Nature  of.  {27.  pi. 

taking  peak  of  load.  {27.  p55. 

used  to  carry  whole  load.  {27.  p57- 

used  to  take  up  fluctuations  in  load.  {27. 
p57. 

Willard  storage.  {27.  p22. 

with  double  end-cell  switch.  {27.  p67. 

with  single  end-cell  switch.  {27  p66. 
Beck  lamp.  {55,  p56. 
Bell  and  annunciator  circuits,  {45,  p29. 

Electric.  {46.  p20. 

wire.  Running,  {45,  p28. 

wiring,  {45,  p20. 

wiring  for  flats,  {45,  p36. 
Bells,  Operating,  from  lighting  circuits,  {45, 

p24. 
Bimetallic  accumulators.  {27.  p26. 

cells.  {27.  p25. 
Binding,  Heaters  for,  {57.  p29. 
Block,  Three-wire  branch.  {43.  p46. 

Three- wire  main,  {43,  p45. 
Booster,  {33.  pl4. 

Compound,  {27.  p73. 

Constant-current.  {27.  p78. 
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Booster — (Continued)  • 

Differential,  §27.  p74. 

field.  Reversing  rheostat  for,  527,  p71. 

Shunt,  (27,  p60. 

Storage-battery,  §27,  p68. 
Boosters.  Capacity  of,  f27.  p81. 
Box  negative.  §27,  pi 6. 
Branch  block.  Three-wire,  143,  p45. 

block.  Two- wire  double,  §43,  p46. 
Breakdowns,  §33.  p28. 
Breaks  in  circuits,  §35,  plO. 

Locating,  §35,  pll. 
Bremer  lamp,  §34,  p58. 
British  thermal  unit,  §82.  p33. 
Brush  arc  dynamo,  §35.  plO. 

arc  lamp.  §34,  p41 

machines.  Regulator  for,  §35.  p20. 

plug  and  spring  jack,  §35,  p36. 
Buckling.  §27.  p6. 
Bulb.  Style  of,  §32.  p8. 

Tubulation  of.  §32,  i)8. 
Bunsen  photometer.  §32.  pl6. 
Burglar-alarm  system.  Open-  and  doaed-dr- 
cuit.  §45,  p43. 

-alarm  system.  Open-circuit,  §45,  p41. 

alarms,  §45,  p40. 
Burned-out  coils  in  arc  lamps,  §34,  p66. 
Burner,  Automatic,  §45,  p45. 

Pendant,  §45,  p44. 

Ratchet,  §45,  p45. 
Burners  for  parallel  system  of  electric  gas 

lighting,  §45,  p44. 
Burmng  battery  Itigs,  §27,  pl5. 
Button,  CeiHng,  §43,  p39. 
Buzzer,  §45,  p21. 


C  R  regulator,  §33.  p38. 
Cabinet,  Example  of.  §44,  p27 
Cabinets  and  panel  boards.  Use  of,  §44,  p24. 
Cable.  Armored  twin,  §44.  p23. 
Cadmium  test.  §27.  p43. 
CalcvUating  sizes  of  wire  required.  §44.  pi. 
Calculation  of  line  losses  due  to  resistance, 
§43.  p50. 

of  the  proper  size  of  wire  for  a  given  loss, 
§43.  p53. 

of  wire  size  in  terms  of  resistance  per  1 .000 
feet.  §44.  p3. 

of  wires  for  alternating  current,  §44,  p8. 

of  wires  in  parallel.  §44.  pi 6. 

of  wires  in  terms  of  drcular  mils.  §44,  p5. 
Calls.  Carriage,  §56.  p28. 
Candlepower  and   distribution  of  the  light 
from  arc  lamps.  §55.  p59. 

Mean  horizontal.  §32,  p21. 

Mean  spherical.  §32.  p23. 


Candlepower — (Continued) 

obtained  in  vertical  plane,  §32,  p22. 

of  arc  lamps,  §34.  p20. 

of  incandescent  lamps,  §32,  pl2. 

of  lamps,  §32.  p28. 

Power  consumption  per,  §34.  p21. 
Capadty  of  boosters,  §27.  p81. 

of  galvanized-iron  wire,  (^rrying,  §57,  p6. 

of  German-silver  wire,  (^rrying,  §57.  p5. 

of  tinned-iron  wire.  Carrying,  §57,  p7. 

of  wires  for  marine  work,  §44.  p67. 
Car  heater,  §57,  p22. 
(^rbone  arc  lamps,  §55.  p61. 
(Carbons,  Arrangement  of  arc-light,  §34,  pll. 

Composition  of,  §84,  pl3. 

Consumption  of.  in  lamps.  §34.  p8. 

for  flaming-arc  lamp.   Impregnated,    §55. 
p58. 
C^re  of  Nemst  lamp.  §55.  p26. 
Carriage  calls.  §56.  p28. 
(Carrier-bus  switchboard,  §35.  p39. 
Carrying  capadties  of  wires.  §43,  pl3. 

capadty  of  galvanized-iron  wire.  §57.  p6. 

capacity  of  German-silver  wire.  §57.  p5. 

capacity  of  insulated  wires,  §43,  pl4. 

capadty  of  tinned-iron  wire,  §57,  p7 
(Cartridge  type  of  fuses,  §43,  p46. 
Oiling  button.  §43,  p39. 
(Cell,  Edison  nickel-iron,  §27,  p28. 

Faure,  §27,  p3. 

Plant«$,  §27,  p2. 

Type  of  lead-sulphuric  add,  §27,  pi 5. 

Zinc-lead,  §27,  p25. 
Cells,  Bimetallic,  §27,  p25. 

(Charging,  from  constant-current  arc  drcuit, 
§27.  p49. 

Construction  of  lead-sulphuric  add.   §27. 
pl3. 

(Copper-zinc,  §27,  p26. 

General  data  on  electric- vehicle,  §27,  p86. 

General  data  on  Gould  storage,  §27,  p85. 

General  data  on  storage,  §27.  p88. 

Getting  low,  into   normal   condition,  §27, 
p42. 

Installation  and  care  of  storage,  §27,  p30. 

Location  of.  §27.  p30. 

Method  of  supporting,  §27,  p30. 

of  battery,  Inspection  of,  §27,  p40. 

Rating  of.  §27,  p7. 

Resistance  of,  §27,  pl3. 

Sediment  in,  §27.  p42. 

Setting  up,  §27.  p30. 

Simple  connections  for  charging,  §27,  p46. 

Treatment  of  end,  §27.  p45. 
Center  of  distribution,  §43,  pp22.  56. 
(Central  station.  Effect  of  electric  heating  on, 
§57.  p8. 
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Changeable  signs,  156,  plO. 
Changers.  Frequency,  §33,  p26. 
Changes  in  display  of  signs,  §56,  pi 9. 

in  intensity  of  light  of  signs,  §66,  plO. 
Characteristics  of  flaming-arc  lamp,  §55,  p58. 

of  Moore  tubes,  §55,  p45. 

of  tantalum  filaments,  §55,  p7. 

of  the  Nemst  lamp,  §55,  p23 
Charge  of  battery,  Indications  of  a  complete, 
§27,  p37. 

Voltage  at  end  of,  §27,  p38. 
Charging  battery  from  dynamo,  §27,  p50. 

cdlls  from  constant-current  arc  circuit,  §27, 
p49. 

electromotive  force,  §27,  pi 3. 

the  battery,  §27,  p37. 
Chloride  accumulators.  General  data  on,  §27, 

p84. 
Choke  or  reactance,  coil,  §34,  p34. 
Circuit-breakers,  §43,  p23. 

-breakers,  cut-outs,  etc..  Construction  of, 
§43.  p30 
Circuits,  Arrangement  of  series,  §34,  p2J. 

Bell  and  annunciator,  §45,  p29. 

Breaks  in,  §35.  plO. 

Distribution,  §43,  p22. 

in  series.  Operating,  §35,  p32. 

Lamps  used  in  series,  §33,  p36. 

Laying  out,  §44,  p32. 

Laying  out  arc,  §35,  p2. 

Lightning  protection  for  arc,  §35,  pl6. 

Protection  of  secondary,  §33,  p27. 
Qeat,  Knob,  §43,  p38. 

Single- wire,  §43,  p37. 
Clock.  Talking,  §56,  p27. 
Closed-circuit  burglar  system    §45,  p42. 

-circuit  type  of  battery,  §45,  p24. 

-coil  machines,  §35,  p22. 

-coil  machines.  Western  Electric,  §35,  p22. 
Code,  National  Electrical,  §43.  p2. 
Coil,  Reactance,  or  choke.  §34.  p34. 
Coils,  Balancing.  §35.  p31. 

Economy,  §36,  p30. 
Color  of  light  of  incandescent  lamps,  §55,  p4. 
Combination  sign,  §56,  p4. 
Combining  several  wiring  systems.  §45,  pi. 
Comparative  lamp  tests  for  arc  lamps.  §55, 

p58. 
Comparison    of    mercury-vapor   lamps   with 
other  light  sources,  §55.  p37. 

of  various  types  of  arc  lamps.  §55,  p61. 
Composition  of  carbons.  §34.  pl3. 
Compound  booster.  §27,  p73. 
Concealed  electric-light  wiring.  Specifications 
for   §44.  p36. 

knob-and-tube  work.  §44.  p20. 

wiring.  §44.  pl9. 


Conductor.  §32  .•p4. 

Conductors  for  marine  work.  Portable.  §44. 
p67. 

in  parallel.  Fuse  protection  for,  §44,  pl3. 

Underground,  §43,  pl3. 
Conduit,  Flexible  armored,  §44,  p59. 

systems.  Approved,  §44,  p49. 

systems.  Early,  §44,  p48. 

^^^ring,  §44,  p48. 
Conduits.  Rules  for  interior,  §44,  p56. 

Wire  used  in,  §44,  p56. 
Connecting  lamps.  Methods  of,  §32,  p2. 
Connections  for  Nemst  lamp,  §65,  p21. 

for  testing  lamps,  §32,  p25. 

for  thawing  transformer,  §57,  pl2L 

of  Cooper  Hewitt  lamps.  §55,  p31. 

of  glower  lamp,  §32,  p43. 

of  mercury- vapor  lamps,  §55,  p31. 

of  Moore  tubes,  §55,  p40. 
Constant-current  alternators,  §35,  p25. 

-current  arc  lamps,  Wiring  for,  §45  pi 4. 

-current  booster,  §27,  p78. 

-current  distribution.  Machines  for,  §35.  pl7. 

-current  enclosed-arc  series  lamps.  §34.  p48- 

-current  open-arc  series  lamps.  §34.  p41. 

-current  transformer,  §33,  p40. 

direct-current  arc  machines,  §35,  pi  7. 

-potential    alternating-current    lamps,  §34, 
p56. 

-potential  arc  lamps.  Wiring  for,  §45,  pl3. 

-potential     direct-current    lamp.     General 
Electric,  §34,  p53. 

-potential  direct-current  lamps,  §34.  p53. 

-potential  enclosed-arc  lamp.  §34,  p53. 

-potential  lamp.  Western  Electric,  §34,  p57. 

-potential  lamps,  §34,  p36. 
Consumer's  switch,  §27,  p49. 
Consimiptjon  of  carbons  in  lamps,  §34.  p8. 

of  power  per  candlepower.  §34.  p21. 
Control  of  lamps  from  two  points,  §44.  p38. 

of  lights  from  three  or  more  points.  §44,  p40. 
Cooper  Hewitt  lamp,  §55,  p28. 

Hewitt  lamp  reflectors,  §55.  p31. 

Hewitt  lamps.  Connections  of,  §55,  p32. 

Hewitt  type  of  lamp,  §55.  p66. 
Copper  losses  of  transformer.  Measurement  of. 
§33,  p58. 

wire,  B.  &  S.  gauge.  Dimensions  of  bare, 
§43.  pl6. 

wire.  Resistance  of  pure,  §43.  p49. 

-zinc  cells.  §27,  p26. 
Cord.  Rules  for  flexible,  §43.  p40. 
Core  losses  of  transformer.  Measurement  of. 

§33,  p55. 
Cored  carbon,  §34,  pi 4. 
Costs  of  heating.  Relative,  §57,  p9 
Crater  of  arc,  §34.  p2. 
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Crawford-Voelker  lamp,  J32,  p45. 
Cross-section  of  wires.  Equivalent,  §44,  pl5. 
Crosses.  §35,  pll. 
Current  allowance  per  lamp,  533,  p61. 

and  voltage  of  lamp,  §34,  p9. 

Direction  of,  fi27,  p50;  fi34.  p2. 

estimation,  $33,  p45. 

Heating  effect  of  electric,  §57.  pi. 

of  enclosed-arc  series  lamps,  §34,  p49. 

of  lamp,  §32,  p27. 

of  lamps,  §34,  p5. 

regulators,  §33,  p38. 

required  by  lamps.  Estimation  of,  §44,  p7. 

required  by  motors,  §45,  pl8. 

required  for  lamps,  §43,  p43. 

required  per  lamp,  §32,  p33. 
Currents,  Tables  of  heating  effects  of.  §57, 

Pp2,  3. 
fut-out.  §32,  42;  §34,  p38. 

-out  for  Nemst  lamp.  §56.  p21. 

-out.  Location  of,  §44,  p34. 

-out  switches,  §35,  p8. 
Cut-outs,  Automatic,  §43.  p23. 

-outs,  circuit-breakers,  etc.,  Construction  ot, 
§43,  p30. 

-outs  for  marine  work,  §44,  p68. 

-outs,  Location  of,  §43,  p35. 

-outs  on  arc  lamps,  §35.  p9. 

-outs.  Rules  for  automatic,  §43,  p24. 

-outs.  Switches  and,  §43,  p23. 
Cutter  switch,  §27.  p52. 


DaU,  Pipe-thawing,  §57.  pplO,  11. 
Deshler-McAllister  photometer,  §32,  pi  8. 
Determination  of  sizes  of  wire  according  to 

current  capacity,  §43,  p35. 
Devices,  Miscellaneous  heating,  §57,  p29. 
Diameter  of  wires  that  will  be  fused  by  a  cur- 
rent of  given  strength,  Table  of,  §67,  p4. 
Differential  booster,  §27,  p74. 
lamp,  §34,  p40. 

method  of  locating  grounds,  §35.  pi  4. 
Dimensions  of  bare  copper  wire.  B.  &  S.  gauge, 

§43,  pi 6. 
Dimmers,  Stage,  §45,  p4. 
Direct-current  arc   machines.    Constant -cur- 
rent, §35,  pl7. 
-current  constant-current  system,  §33,  pi 5. 
-current     constant-potential    system,    §33, 

p6. 
-current  enclosed-arc  lamps,  §34,  pi 8. 
-current  machines,  §35,  pi 7. 
-current  open-arc  lamps,  §34,  pi  6. 
-current  systems.  Two-wire  and  three-wire, 
§33,p44. 
Directions  of  current,  §27,  p50;  §34.  p2. 


Discharging  the  battery,  §27,  p39. 
Distribution  and  candlepower  of  light  from 
arc  lamps,  §56,  p59. 

Center  of,  §43,  p55. 

circuits,  §43,  p22. 

of  arc  lamps,  Methods  of,  §34,  p26. 

of  arc  lamps.  Series,  §34.  p26. 

of  lamps.  Location  and,  §44,  p47. 

of  light,  §32,  p21.  ' 

of  light  of  Nemst  lamp,  §55,  p26. 
Door  openers,  §45,  p40. 
Double-branch  blocks.  Two- wire,  §43,  p45. 

-end  cell  switch,  Battery  with,  §27.  p67. 

-faced  signs,  §56,  p6. 

-filament  lamps  for  signs,  §56,  pl2. 

-pole  flashers,  §66,  pi 5. 
Drawing  wires  in  conduits,  §44,  p60. 
Drip  loop,  §43,  p37. 
Drop,  Automatic,  §45,  p38. 

in  arc-light  wiring,  §43,  p51. 

in  feeder  lines.  Uniform,  §44,  pi. 
Dynamo,  Brush  arc,  §35,  pl9. 

Wood  arc,  §35.  p22. 
Dynamos,  Arc-light,  §36,  pl7. 

E 

Economizer  of  Excello  lamp.  §55,  p53. 
Economy  ct>il8,  §36,  p30. 

of  electric  heating,  §57,  p23. 
Edison  base,  §32,  plO. 

nickel-iron  cell,  §27,  p28. 

plug,  §43,  p44. 

three-wire  system,  §43,  p20. 
Effect  of  electric  heating  on  central  station, 

§57.  p8. 
Efficiency,  Ampere-hour,  §27,  pll. 

Luminous,  §55,  pi. 

of  lamp,  §32,  p24. 

of  light-giving  sources,  §32,  p36. 

of  Nemst  lamp,  §32,  p44. 

of  storage  cells,  §27,  pll. 

of  transformers,  §33,  p60. 

Watt-hour,  §27.  pl2. 
Elblight  system  of  signs,  §66,  pt9. 
Electric  annealing,  §57,  pi  8. 

arc,  §34,  pi. 

bell,  §45,  p20. 

-car  heater,  §57,  p22. 

current.  Heating  effect  of,  §57,  pi. 

furnaces,  §57,  p20. 

gas  lighting,  §45,  p44. 

gas  lighting.  Burners  for  parallel  system  of, 
§45,  p44. 

heat,  Advantages  of,  §57.  p8. 

heat,  Applications  of,  §57.  p8. 

heater.  Luminous,  §57,  p22. 

heaters.  Power  consvunption  of.  §57,  p29. 
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Electric— (Continued) 

heating,  167.  pi. 

heating,  Economy  of,  §67,  p23. 

heating,  Effect  of,  on  central  station,  {57, 
P8. 

heating  of  air.  f67.  p21. 

heating  of  water,  §67,  p28. 

heating  pad,  f57,  p28. 

heating  unit)  Hadaway.  f57,  p26. 

heating  units,  $57,  p25. 

heating  units,  Prometheus.  157,  p26. 

installation,  Matters  to  be  considered  in. 
§43.  pi. 

-light  wiring.  Specifications  for  concealed, 
S44.P36. 

motors,  Wiring  for,  §45,  pl7. 

vehicle  cells,  General  data  on.  f27,  p8d. 

welding,  Advantages  of,  §57,  pi  7. 

welding,  Hoho  process  of,  {57,  pld. 

welding.  Power  required  for,  §57,  ppl6, 17. 

wiring.  Fires  caused  by,  §43,  p2. 
Electrical  code.  National,  §43,  p2. 

fires.  Examples  of,  §43,  p3. 

work.  Fittings  that  may  be  used  in,  §43,  p8. 
Electrolier  switches,  §44,  p41. 
Electrolyte,  Mixing  the,  §27,  p34. 
Electrolytic  forge,  §57,  pl8. 
Electromotive   force,   Change   of,   with   dis- 
charge, §27,  p7. 

force.  Charging.  §27,  pl3. 
Elements  in  jar.  Placing  the  storage  cell,  §27. 

p31. 
Enclosed  arc.  Advantages  of,  §34,  plO. 

arc.  Character  of,  §34,  p9. 

-arc  lamp  construction.  §34,  p49. 

-arc  lamp.  Multiple-series.  §34,  p57. 

-arc  lamps,  Alternating-current,  §34,  p20. 

-arc  lamps.  Data  on,  §34,  p25. 

-arc  lamps.  Direct-current,  §34,  pi 8. 

-arc  lamps  on  550- volt  circuits,  §34,  p35. 

-arc  lamps.  Trimming,  §34.  p67. 

-arc  lamps,  220- volt.  §34.  p35. 

-arc  series  lamps.  Current  of.  §34,  p49. 

-arc  series  lamps.  Voltage  required  by,  §34. 
p48. 

arcs.  §34.  p5. 

fuses.  §43.  p44. 

fuses.  Advantages  of,  §43,  p47. 
End-cell  indicators,  §27,  p66. 

-cell  switch.  Battery  with  single,  §27,  p66. 

-cell  switches,  §27,  p64. 

cells.  Treatment  of,  §27,  p45. 
Equivalent  cross-section  of  wires,  §44,  pi 5. 
Excello  alternating-current  lamp,  §55,  p52. 

direct-current  lamp,  §55,  p50. 

flaming-arc  lamp,  §55.  p60. 

lamp  economizer,  §55,  p53. 


Exhaustion  of  lamp,  §82.  p6. 
Exposed-bulb  signs,  §56,  p5. 
wiring.  Fittings  used  for,  §43,  p36. 


Factory  wiring.  Simple  example  of.  §43.  p32. 
Faure  cell,  §27.  p3. 
Feeder-and-main  system,  §33.  p7. 

lines.  Uniform  drop  hi,  §44,  pi. 
Feeders  and  mains,  §33,  p6. 
Filament,  Anchored,  §32,  p5. 

Metallic.  §55.  p5. 

Metallized.  §55,  p2. 

Size  of.  §32,  p7. 
Filaments.  §32,  p4. 

Characteristics  of  tantalum,   §55.  p7. 

Flashing  of.  §55.  p3. 

Methods  of  supporting  tantalum.  §55.  p6. 

Preparation  of  metallized.  §55,  p2. 

Preparation  of  Osmium,  §55.  pll. 
Fire-alarm  gongs,  Wiring  for,  §45.  p36. 
Fires  caused  by  electrical  wiring,  §43.  p2. 

Examples  of  electrical,  §43,  p3. 
Fittings  for  supporting  wire.  §43.  p37. 

for  220-volt  wiring.  Selection  of.  §43,  p57. 

used  for  exposed  wiring,  §43,  p36. 

used  in  electrical  work.  §43,  p3. 
Five-wire  systems.  §33.  pi 4. 
Fixed  electric  signs,  §56,  pi. 
Fixtures.  §44,  p43. 

for  marine  work,  §44,  p68. 

Rules  for,  §44,  p43. 
Flaming-arc   lamp.   Characteristics  of,    §55. 
p58. 

-are  lamp.  Impregnated  carbons  for,  §55, 
p68. 

-arc  lamp  theory,  §55,  p48. 

-arc  lamps,  §34,  p58;  §55.  p47. 
Flasher.  Single-pole  for  sign,  §56.  pi 7. 
Flashers.  Double-pole,  §56.  pl5. 

for  signs.  Mechanical.  §56.  pl5. 

Thermal  sign,  §56,  pl2. 
Flashing  of  filaments,  §55,  p3. 

process,  §32,  p6. 
Flat-iron  heater.  §57,  p27. 
Flexible  armored  conduit.  §44,  p50. 

cord.  Rules  for,  §43.  p40. 

lamp  cord,  §43,  p39. 
Fluctuations  in  load.  Battery  used  to  take  up. 

§27,  p57. 
Focusing  lamp,  §34.  pl3. 
Forge.  Electrolytic.  §57,  pl8. 
Formulas  for  resistance  of  wire,  §44.  p6. 
Frequency  changes.  §33.  p26. 
Frictional  machines.  §45,  p60. 
Frozen  water  pipes.  Thawing  of,  §57.  plO 
Furnaces,  Electric,  §57.  p20. 
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Pttse  protection  for  conductors  in  parallel, 

§44.  pl3. 
Puses.  S43,  pp23.  44. 

Advantages  of  enclosed,  §43,  p47. 

Cartridge  type  of,  §43.  p46. 

Enclosed.  §43,  p44. 

Link,  §43.  p44. 

Rating  of.  §43.  p47. 


Gas  lighting.  Electric.  §46.  p44. 
Gauges.  Wire.  §43.  pi 5. 

General    Electric    constant-potential    direct- 
current  lamp,  §34.  p63. 

Electric  heating  unit,  §57.  p25. 

Electric  lamp  for  constant  alternating  ciu*- 
rent.  §34,  p52. 

Electric  switchboard,  §35.  p46. 

niles  for  wiring,  §43,  plO. 
Globe.  Waterproof.  §44.  pl8. 
Glower  lamp,  Connections  of,  §32,  p43. 
Glowers  of  lamp,  §32,  p40. 
Gould  automobile  battery.  §27.  p24. 

storage  battery,  §27,  pi 8. 

storage  cells.  General  data  on,  §27.  p85. 
Graphic  method  of  ciUculation  of  wires.  §44, 

plO. 
Gravity-cell  battery,  §45,  p24. 
Grounding  of  neutral  on  three-wire  system, 
§33,  p32. 

of  secondary  system  of  wiring.  Permanent, 
§33.  p31. 
Grounds.  §35,  plO. 

Differential  method  of  locating,  §35.  pl4. 

Locating.  §35.  pl2. 


Hadaway  heating  unit.  §57,  p26. 
Hanging  lamps.  Methods  of,  §35.  p4. 
Heat,  Advantages  of  electric,  §57.  p8. 

Applications  of  electric,  §57.  p8. 

of  incandescent  lamp,  §32,  p33. 
Heater,  Car,  §57,  p22. 

coils  and  holder  of  lamp,  §32,  p40. 

Flat-iron,  §57,  p27. 

Luminous,  §57.  p22. 
Heaters  for  bookbinding  machinery.  §57.  p29. 

for  laundry  machinery.  §57,  p29. 

for  printing  machinery,  §57,  p29. 

Nemst  lamp,  §55,  pi 9. 

Power  consumption  of,  §57,  p29. 
Heating,  Air.  §57.  p21. 

appliances  for  domestic  use.  §57.  p24. 

devices.  Miscellaneous,  §57,  p29. 

Effect  of  central  station  on  electric,  §57,  p8. 

effects  of  currents.  Tables  of.  §57,  pp2,  3. 

effects  of  electric  current,  §57.  pi. 


Heating — (Continued) 

Electric,  §57,  pi. 

of  water,  §57,  p23. 

pad,  §57.  p28. 

Relatix'c  costs  of,  §57,  p9. 

tmit.  General  Electric,  §57.  p25. 

unit,  Hadaway,  §57,  p26. 

units,  §57.  p25. 

tmits,  Prometheus,  §57,  p26. 
Hefner  unit.  §32.  pl3. 
High -potential  systems,  §45.  pll. 
Hoho  process  of  welding.  §67,  pl9. 
Hydrometers.  §27.  p30. 


Illuminated  signs.  §56,  p2. 
Illumination,  §34,  p23. 

by  incandescent  lamps,  §32.  p33. 
Impedance  of  transformer.  Measurement  of, 
§33.  p68. 

volts  of  transformer,  §33,  p59. 
Impregnated  carbons  for  flaming-arc  lamp, 

§55,  p58. 
Incandescent  lamp,  §32,  p3. 

lamp.  Heat  of,  §32,  p33. 

lamp.  Life  of,  §32,  p29. 

lamp.  Voltage  of,  §32.  p32. 

lamps,  §55,  p2. 

lamps,  Candlepower  of,  §32,  pl2. 

lamps.  Illumination  by,  §32.  p33. 

lamps,  on  series  circuit,  Wiring  for,  §46. 
pl6. 

lamps,  Power  consumption  of,  §43,  p43. 

lamps.  Recent  types  of,  §32,  p36. 

lighting,  §32.  ppl,  3;  §33.  pi. 
Indicators,  End-cell.  §27,  p66. 
Inspection  of  cells  of  battery,  §27,  p40. 
Installation  and  care  of  storage  cells,  §27,  p30. 
Insulated  wires.  Carrying  capacity  of ,  §43,  pl4. 
Insulating  joints,  §44.  p44. 
Insulation  resistance.  Test  of,  §44,  p64. 

test.  §33,  p53. 
Interior  arc  lighting.  Watts  per  sqiiare  foot 
for.  §34.  p26. 

conduits,  Rules  for,  §44,  p56. 

wiring.  §43,  pi;  §44,  pi;  §45,  pi. 

wiring,   Sj'stems  of  distribution  for,   §43, 
pl9. 


Jar,  Placing  elements  of  storage  cells  in,  §27, 

p31. 
Joints.  Insulating.  §44,  p44. 
of  wires.  §43.  pll. 

of  wires,  Soldering  fluid  for.  §43,  pll. 
Junction    boxes.    Use    of    outlet    and,    §44, 
p51. 
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Knob.  §43.  p37. 

-and-tiibe  work.  Conceflled,  J44,  p20. 
cleat.  543.  p38. 


Lamp,  Application  of  the  Moore,  J66.  p44. 
Ballast  for  Nemst.  §55,  p20. 
Base  of,  §32,  p9. 
bases.  §43,  p41. 
Beck.  §55.  p56. 
-board  regulator.  §33,  p38. 
Bremer,  §34,  p58. 

calculations.  Measurements  and.  §32.  pl2. 
Care  of  Nemst.  §55.  p26. 
Characteristics  of  flaming-arc.  §55,  p58. 
Characteristics  of  Nemst,  §55,  p23. 
Comparison  of  mercury-vapor,  with  other 

light  sources.  §55.  p37. 
Connections  for  Nemst.  §55.  p21. 
Connections  for  Moore,  §55,  p40. 
Constant-potential  enclosed-arc,  §34,  p53. 
construction,  Enclosed-arc,  §34.  p49. 
Cooper  Hewitt.  §55.  p28. 
cord.  Flexible.  §43,  p39. 
Crawford-Voelker.  §32.  p46. 
Current  of.  §32.  p27. 
Current  required  per,  §32.  p33. 
Cut-out  for  Nemst,  §55.  p21. 
Description  of  Nemst.  §32,  p38. 
Differential ,  §34,  p40. 
Economizer  of  Excello  arc,  §55.  p53. 
Efficiency  of.  §32,  p24. 
Efficiency  of  Nemst.  §32,  p44. 
estimates.  §32,  p26. 
Excello  alternating-current.  §55.  p52. 
Excello  direct-current,  §55,  p50. 
Excello  flaming-arc,  §55,  p50. 
Exhaustion  of,  §32,  p8. 
-feet,  §33,  p45. 
Focusing.  §34,  pl3. 
Glowers  of,  §32,  p40. 
Glowers  of  Nemst,  §55,  pi 7. 
Heat  ot  incandescent,  §32.  p33. 
Heaters  of  Ncrnst,  §55,  pi 9. 
Incandescent,  §32,  p3. 
Life  of  incandescent.  §32.  p29. 
Light  distribution  of  Nemst.  §55,  p26. 
Magnetite  arc,  §34.  p58. 
Multiple-series  enclosed-arc.  §34,  p57. 
Negative    temperature   coefficient   of.  §55, 

P3. 
Nemst.  §32,  p36:  §55.  pl6. 
Operation  of  Nemst.  §32,  p37. 
Osmium.  §32,  p46. 
Parts  of  Nemst,  §55,  pl6. 
Photometry  of  the  arc,  §34.  pi 5. 


Lamp — (Continued) 

Reflectors  of  Cooper  Hewitt.  §55.  p31. 

Searchlight.  §34.  p«2. 

sockets  and  receptacles.  §43,  p42. 

Temperature  of  a,  §32,  p24. 

tests.  Tungsten,  §55,  pl3. 

Thomson-Houston,  §34.  p45. 

T>'pe  C,  mercury-vapor,  §55.  p30. 

Type  H.  mercury-vapor.  §55.  p28. 

Type  K.  mercury-vapor,  §55,  p30. 

Type  P,  mercury-vapor.  §55.  p66. 

Vacuum  regulator  for  Moore.  §55,  p41. 

Voltage  of  incandescent.  §32.  p32. 

Western  Electric,  §34.  p52. 

Western  Electric,  constant-potential,  §34, 

p55. 
Lamps.  Applications  of  the  Moore.  §55.  p45. 
Candlepower  of.  §32,  p28. 
Candlepower  of  incandescent,  §32.  pi 2. 
Center  of  distribution  of.  §33.  p44. 
Characteristics  of  Moore.  §55,  p45. 
Color  of  light  of  incandescent.  §55,  p4. 
Comparative  tests  of  arc.  §55.  p58. 
Comparison  of  various  types  of  arc.  §55. 

p61. 
Connection  of  Cooper  Hewitt,  §55,  p31. 
Connection  of  mercury-vapor,  §55.  p31. 
Connections  for  testing.  §32.  p25. 
Constant-potential.  §34,  p36. 
Constant-potential  alternating-current,  §34, 

p56. 
Constant-potential  direct-current,  §34,  p53. 
Construction  of,  §32,  p4. 
Control  of,  from  two  points,  §44,  p38. 
Current  of.  §34.  p5. 
Current  required  for,  §43.  p43. 
Data  on  enclosed-arc.  §34,  p25. 
Estimation  of  current  required  by.  §44,  p7. 
Flaming-arc,  §34.  p58:  §55.  p47. 
for  street  lighting.  Height  of  arc.  §35,  p4. 
Illumination  by  incandescent.  §32,  p33. 
in  multiple  series,  §33,  p4, 
in  parallel,  §33,  p2. 
in  series.  §33,  p2. 

in  series  circuits.  Looping  in,  §35.  p9. 
Incandescent,  §55.  p2. 
Location  and  distribution  of.  §44,  p47. 
Luminous-arc,  §55,  p48. 
Magnetite-lxmiinous  arc.  §55.  p62. 
Mast-arm  suspension  of.  §35,  p5. 
Mercury-vapor.  §55.  p28. 
Metallic-filament.  §55.  p6. 
Metallized-filament.  §55.  p2. 
Methods  of  connecting,  §33.  p2. 
Methods  of  distribution  of  arc.  §34.  p26. 
Methods  of  hanging.  §35.  p4. 
Moore.  §55.  p39. 
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Lamps — (Cmitinued) 

mouAted  on  pole  tops,  §35,  p4. 

Open-arc,  §34,  pl6. 

Operation  of  mercury- vapor,  §55,  p36. 

Operation  of  metallized-filament.  §56,  p4. 

Operation  of  osmium,  §55,  pll. 

Operation  of  tungsten,  §55,  pi 3. 

Osmium,  §55,  plO. 

Parallel  distribution  of  arc,  §34,  p3I. 

Power  consumption  of  arc,  §34,  p24. 

Power  consimiption  of  incandescent,  §43, 
p43. 

Recent  types  of  incandescent.  §32,  p35. 

Rope  for  arc,  §35,  p7. 

Series  arc.  §34,  p38. 

Series  distribution  of  arc,  §34,  p26. 

Span-wire  suspension  for  arc,  §35,  p6. 

Tantalum,  §55,  p6. 

Temperature  of  incandescent.  §55,  pl5. 

Theory  of  flaming-arc,  §55,  p48. 

Trimming  enclosed-arc,  §34,  p67. 

Tube,  §55,  p27. 

Tungsten.  §55,  pl3. 

Turnip  sign,  §56,  pl2. 

Types  of  arc,  §34,  p35. 

used  for  series  circuits,  §33.  p36. 

Wiring  for  arc,  §45.  pi 3. 

Wolfram.  §.55,  pl3. 
Laundry  machinery.  Heaters  for,  §57,  p29. 
Laying  out  circuits.  §44,  p32. 
Lead  accumulators,  §27.  p2. 

siJphuric-acid  cells.  Construction  of,  §27, 
pl3. 

sulphuric-acid  cells.  Types  of,  §27,  pl5. 
Leading-in  wres,  §32,  p7. 
Leak  in  circuit,  §35,  pll. 
Letters  for  signs,  Monogram.  §56,  p2^ . 
Life  of  incandescent  lamp,  §32.  p29. 
Light  distribution,  §32.  p21;  §34.  pl5. 

distribution  of  Nemst  lamp,  §55,  p26. 

measurements,  §32,  pi 2. 

-giving  sources.  Efficiency  of,  §32.  p36. 

Theory  of  Moore,  §55.  p39. 
Lighting   apparatus.    Arrangement   of,    §45. 
p46. 

Arc,  §34.  pi;  §35.  pi. 

Incandescent,  §32.  ppl.  3;  §33,  pi. 

Store,  §45.  pi. 

Tube,  §55.  p27. 

tubes,  Moore,  §55,  p39. 

Watts  per  square  foot  for  interior  arc,  §34, 
p26. 

work,  Size  of  wire  for,  §35,  pi. 
Lightning  arrester  for  arc  lamps,  §35,  pl6. 

protection  for  arc  circuits,  §35,  pi 6. 
Lights,  Control  of,  from  three  or  more  points, 
§44.  p40. 


Lights — (Continued) 

Illuminating  value  of,  §32,  p34. 
Line  calculations,  §33,  p44. 

construction  for  arc  lighting,  §35,  p3. 

losses  due  to  resistance,  Calculation  of,  §43, 
p50. 

work  for  arc  lighting.  §35,  pi. 
Link  fuses,  §43,  p44. 
Load,  Battery  taking  peak  of,  §27.  p55. 

Battery  used  to  carry  whole,  §27,  p57. 

test  of  transformers,  §33,  p59. 
Location  and  distribution  of  lamps   §44,  p47. 

of  cells,  §27.  p30. 

of  cut-outs,  §43,  p35.  / 

Loop.  Drip.  §43,  p37. 

Looping  in  lamps  on  series  circuits,  §35,  p9 
Low-potential  circuits.  Rules  for  arc  lights 
on,  §45,  pl3. 

-potential  system.  Definition  of,  §43.  pi 6. 

-potential  systems.  Wiring  for,  §43,  pi 6. 
Luminous-arc  lamps,  §56,  p48 

efficiency,  §55,  pi. 

radiator.  §57,  p22. 

M 

Machines  for   constant-current   distribution. 

§35,  pi  7. 
Magnetite  arc  lamp,  §34,  p58. 

luminous-arc  lamps.  §56.  p62. 
Main  block.  Three- wire,  §43,  p45. 

switch,  cut-out,  and  meter.  Location  of, 
§44.  p34. 
Mains.  §43.  p22:  §44,  p32. 

and  feeders,  §33.  p6. 
Mangin  mirror,  §34.  pl2. 
Marine  work,  §44.  p65. 

work.  Capacity  of  wires  for,  §44,  p67. 

work,  Cut-outs  for.  §44,  p68. 

work;  Fixtures  for,  §44,  p68. 

work,  Portable  conductors  for,  §44.  p67. 
Mast -arm  suspension  of  lamps.  §35.  p5. 
Mean  spherical  candlepower,  §32,  p23. 
Measurement  of  copper  losses  of  transformer, 
§33,  p58. 

of  drop  in  volts,  §44,  p65. 

of  impedance  of  transformer,  §33,  p58. 

of  primary  and  secondary  resistance.  §33, 
p56. 
Measurements  and   lamp    calculations,    §32. 
pl2. 

Light,  §32.  pi 2. 
Mechanical  flashers  for  signs.  §56,  pll. 
Mercury- vapor  lamp  reflectors.  §55.  p31. 

-vapor  lamp  type,  §55,  p66. 

-vapor  lamps.  §55,  p28. 

-vapor  lamps.  Comparison  of.  with  other 
light  sources.  §55.  p37. 
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Mercury — (Continued) 

-vapor  lamps,  Connections  of,  §56,  p81. 

-vapor  lamps.  Operation  of,  §56,  p36. 
Metallic-filament  lamps  §55,  p5. 
MetalUzed-filament  lamps,  |55,  p2. 

-filament  lamps,  Operation  of,  §65,  p4. 

filament  Preparation  of,  §55.  p2. 
Meter,  Location  of  §44.  p34. 
Methods  of  thawing  frosen  water  pipes,  §57, 

plO. 
Methven  screen,  §32  pl2. 
Mils.  §43,  pl5. 
Mirror,  Mangin.  §34.  pl2. 
Miscellaneous  heating  devices.  §57,  p29. 
Mixed  systems.  §33,  p22. 
Molding  work.  Rules  for  wires  for,  §44,  p61. 
Moldings,  Wooden.  §44,  p60 
Monogram  letters  for  signs,  §56,  p21. 
Moore  lamp  vacuum  regulator,  §55.  p4] . 

light.  Theory  of.  §56,  p39. 

lighting  tubes,  §55,  p39. 

tube  connections.  §56,  p40. 

tubes.  Applications  of,  §55.  p44. 

tubes,  Characteristics  of,  §55,  p45. 
Motor-generator  method  of  load  test.   §33, 

p59. 
Motors,  Current  required  by,  §45,  pi 8. 
Multicircuit  series  machines,  §34.  p28. 
Multiple-series  enclosed-arc  lamp,  §34,  p57. 

series.  Lamps  in,  §33,  p4. 

N 

National  Electrical  Code.  §43,  p2. 
Needle  annunciator,  §45.  p27. 
Negative.  Box.  §27.  pi 6. 
Nertist  glowers,  §66,  pi 7. 

heaters.  §65.  plO. 

lamp,  §32.  p36;  §65.  pl6. 

lamp.  Ballast  for.  §65.  p20. 

lamp,  Care  of,  §55,  p26. 

lamp.  Characteristics  of,  §55,  p28. 

lamp.  Connections  for,  §55.  p21. 

lamp  cut-out,  §56,  p21. 

lamp.  Description  of,  §32,  p38. 

lamp,  Effidency  of .  §32.  p44. 

lamp.  Light  distribution  of.  §65.  p26. 

lamp.  Operation  of.  §32.  p37. 

lamp.  Parts  of,  §66,  pi 6. 
Nickel-iron  cell,  Edison,  §27.  p28. 


Open-  and  closed-circuit  buiglar-alarm  sys- 
tem, §46,  p43. 
arc.  Advantages  of,  §34,  plO. 
arc,  Disadvantages  of,  §34,  plO. 
-arc  lamps,  §34.  ppl6,  41. 
-arc  lamps.  Alternating-current,  §34  pi 7. 


Open — (Continued) 

-arc  lamps,  DSrect-corrent.  §34,  pl^ 

arcs,  §34,  pi. 

-circuit  buiglar-alarm  system,  J46,  p41. 

-circuit  type  of  battery,  §45,  p28. 

work  in  dry  places,  §43,  p32. 
Operating  bells  from  lighting  circuif.  §45, 
p24. 

circuits  in  aeries,  §35,  p3S. 
Operation  of  merctuy-vapor  lamps.  §55,  p36. 

of  metallised-filament  tatmpe.  §55.  p4. 

of  Osmium  lamps.  §55,  pll. 

of  series  arc  lamps  by  adjustaUe  trans- 
former. §35,  p26. 

of  series  arc  lamps  directly  from  machine. 
§36,  p26. 

of  series  arc  lamps  from  constant-current 
transformers,  §36,  p27. 

of  series  arc  lamps  from  constant-potential 
alternators.  §35,  p25. 

of  talking  signs.  §56.  p31. 

of  Tungsten  lamps,  §55,  pl3. 
Osmium  filaments.  Preparation  of,  §65.  pll. 

lamps.  §32,  p46;  §55.  plO. 

lamps.  Operation  of.  §55,  pll. 
Outlet  and  junction  boxes.  Use  of,  §44,  p61. 


Pad.  Blectric-heathig.  §57,  p28. 

Panel  board,  Essential  parts  of  a.  H^  p25. 

board.  Example  of.  §44,  p26. 

board.  Form  of  two-wire,  §44,  p29. 

board  with  special  fuse  holder.  §44,  p28. 

boards.  Use  of  cabinets  and,  §44,  p24. 
Parallel  distribution  of  arc  lamps,  §34.  p3] . 

Lamps  in,  §33,  p2. 

system  of  electric  gas  lighting.  Burners  for. 
§45,p44. 
Pendant  burner,  §45.  p44. 
Permanent  grotmding  of  secondary  system  of 

wiring.  §33.  p31. 
Photometer.  §32,  pl3. 

bar,  §32.  pl8. 

Btmsen.  §32.  pl6. 

Conditions  of.  §32,  p20. 

Deshler-McAUister.  §32,  plS. 

Elementary,  §32,  pl6. 

Law  of,  §32.  pl4. 
Photometry  of  the  arc  lamp,  §34,  pl5. 
Pipe-thawing  data,  §57,  pplO,  11. 
Pipes,  Thawing  frozen  water,  §67,  plO. 
Plants  ceU,  §27,  p2. 
Plate,  Positive,  §27,  pi. 
Pliig  and  jack.  Western  Electric.  §35.  pS7. 

Edison,  §4af.  p44. 
Polarity,  Reversal  of,  in  arc  marfiinea.  §35. 
p23. 
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Polyphase  systems,  §33.  pl8. 

Porcelain  tube,  fiS,  p37. 

Portable  conductors  for  marine  work.  §44, 

p67. 
Positive  plate,  §27,  pi. 
Power  consumption  of  arc  lamps.  §34,  p24. 

consumption  of  heaters.  (67.  p29. 

consumption  of  incandescent  lamps,  (43, 
p43. 

consumption  per  candlepower,  §34,  p21. 
,    required  for  electric  welding,  §57,  ppl6,  17. 
Preparation  of  metallized  fUaments,  §55.  p2 

of  osmium  filaments,  §55.  pll. 
Primary  and  secondary  resistance.  Measure- 
ment of.  §33.  p56. 
Printing  machinery,  Heaters  for.  §57,  p29. 
Prometheus  heating  units.  §57.  p26. 
Protection  of  secondary  circuits.  §33,  p27. 
Protective  devices,  Thomson,  §33,  p29. 
Pure  copper  wire.  Resistance  of,  §43,  p49 
Push  button.  §45,  p22. 


Radiator,  Luminous.  §57.  p22. 
Rail  welding,  §57,  pi 7. 
Ratchet  burner.  §45.  p45. 

feed.  §34,  p62. 
Rating  of  accumulators,  §27.  p6. 

of  ceUs.  §27,  p7. 

of  fuses.  §43.  p47. 
Reactance-coil  regulator.  §33.  p39. 

or  choke,  coil,  §34,  p84. 
Reflectors  for  Cooper  Hewitt  lamps.  §55,  p31. 
Regulation  o{  series  arc  lamps  by  variable 
reactance,  §35.  p29. 

of  transformers,  §33.  p61. 
Regulator,  C  R.  §33,  p38. 

for  brush  machines,  §35,  p20. 

Lamp-board.  §33,  p38. 

Reactance-coil.  §33.  p89. 
Regulators.  Current.  §33.  p38. 
Relative  costs  of  heating.  §57.  p9. 
Resistance  of  cells.  §27.  pt3. 

of  pure  copper  wire,  §43,  p49. 

Test  of  insulation,  §44.  p64. 
Return-call  annunciator,  Wiring  for.  §45.  p32. 
Rheostat   for  booster  field.  Reversing.   §27. 

P71. 
Rope  for  arc  lamps.  §35.  p7. 

Trimmers',  §35,  p7. 
Rosette,  §43,  p38. 
Rubber-covered  wire,  §43,  p34. 
Rules  for  arc  lights  on  low-potential  circuits, 
§45.  pl3. 

for  automatic  cut-otits,  §43.  p24. 

for  flexible  cord.  §43.  p40. 

for  interior  conduits,  §44.  p56. 


Rules — (Continued) 
for  snap  switches,  §43.  p31. 
for  sockets.  §44.  pl8. 
for  switches,  cut-outs,  circuit-breakers,  etc., 

§43.  p24. 
for  wires  for  concealed  knob-and-tube  work, 

§44.  p22. 
for  wires.  General,  §43.  pl7. 
for  wiring  of  high-potential  systems.  §45. 

pll. 
for  wiring  in  damp  pkices.  §44.  pl7. 
for  wooden  moldings,  §44.  p60. 
relating  to  switches.  §43,  p29. 
relating  to  transformer   installation,   §45, 

pl2. 
relating  to  wires,  §43.  pl2. 
relating  to  wires  for  open  work.  §43.  p33. 
Running  bell  wire.  §45,  p28. 

8 

Sash-cord  rope,  §35.  p7. 

Screen.  Methven,  §32,  pl2. 

Searchlight  lamp,  §34,  p62. 

Searchlights,  §34.  p61. 

Secondary  battery.  Nature  of.  §27,  pi. 

circuits.  Protection  of,  §33,  p27. 

resistance.  Measurement  of  primary  and. 
§33.  p56. 
Sediment  in  cells.  §27,  p42. 
Self-restoring  annunciator,  §45.  p27. 
Series  arc  lamp.  Shunt  type  of,  §34,  p41. 

arc  lamps.  §34,  p38. 

arc  lamps.  Operation  of.  §35.  p25. 

arc  lamps.  RegtUation  of,  by  variable  react- 
ance. §35.  p29. 

circuits.  Arrangement  of,  §34.  p28. 

distribution  of  arc  lamps.  §34.  p26. 

lamps.     Alternating-current    enclosed -arc. 
§34.  p49. 

Lamps  in,  §33,  p2. 

lighting  system,  Apparatus  for.  §45.  p49. 

machines,  Multicircuit,  §34,  p28. 

systems.  §35,  pi. 
Setting  up  cells.  §27.  p30. 
Seven- wire  systems.  §33.  pi 4. 
Shunt  booster.  §27.  p(J9. 

type  of  series  arc  lamp.  §34  p41. 
Sign.  Carriage-call.  §56.  p28. 

Combination.  §56.  p4. 

lamps  with  thermostats.  §56.  pi  1 . 

Operation  of  talking,  §56,  p21. 

Talking-clock,  §56,  p27. 

Thermal  flashers  for.  §56.  pl2. 

Turnip  lamp  for.  §56.  pl2. 
Signs.  Changeable.  §56,  plO. 

Changes  in  display  of.  §56,  pl9. 

Changes  in  intensity  of  light  of,  §56.  plO. 
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Signs — (Continued) 

Double-faced.  J56,  p6. 

Double-filament  lamps  for,  §66,  pi 2. 

Double-pole  flashers  for,  §66,  pl6. 

Elblight  system  of,  §66.  pi  9. 

Examples  of  larf^e,  §66.  p8. 

Exposed-bulb,  §56.  p6. 

Fixed  electric,  §66,  pi. 

Illuminated,  §66.  p2. 

Mechanical  flashers  for,  §56,  pi 5. 

Monogram  letters  for,  §66,  p21. 

Single-pole  flasher  for,  §56,  pi 7. 

Talking,  §56,  p21. 

Thermoblink  for,  §56,  plO. 

Thermostats  for,  §56.  plO. 

Time  switches  for,  §66,  pi  7.        • 

Transparent,  §66,  p2. 
Simple  switchboard  with  cable,  §36,  p83. 

two- wire  system,  §33,  p6. 
Single-phase  system,  §33,  pl6. 

-pole  flasher,  §56,  pi 7. 

-wire  cleat,  §43,  p37. 
Size  of  wire  for  arc  lights,  §43,  p62. 

of  wire  for  three-wire  system,  §43,  p58. 
Sizes  of  wire  according  to  current  capacity, 

§43,  p35. 
Slow-burning,  weather-proof  wire,  §43,  p34. 
Snap  switches,  §44.  p41. 

switches,  Rules  for,  §43,  p31. 
Sockets,  Rules  for.  §44,  pi  8. 
Soldering  fluid  for  joints  of  wires.  §43.  pll. 
Span-wire  suspension  lamps.  §36,  p6. 
Speaking-tube  system.  Wiring  for,  §45,  p35. 
Specifications  for  concealed  electric-light  wir- 
ing. §44,  p36. 
Squirting  process,  §32,  p6. 
Stage  dimmers,  §45,  p4. 
Station,  Effect  of  electric  heating  on  central, 

§67,  p8. 
Storage  batteries.  §27,  pi. 

batteries,  General  description  of,  §27,  pi. 

batteries  in  lighting  stations,  §33,  p62. 

-battery  boosters.  §27,  p68. 

battery,  Gould,  §27.  pl8. 

battery.  Nature  of.  §27,  pi. 

-battery  regulating  appliances,  §27,  p64. 

battery,  Willard,  §27,  p22. 

cells.  Efficiency  of.  §27,  pll. 

cells.  General  data  on,  §27.  p83. 

cells,  General  data  on  Gould,  §27,  p85. 

cells.  Installation  and  care  of.  §27,  p30. 
Store  lighting,  §45,  pi. 
Street-lighting  devices,  §33.  p42. 

lighting.  Height  of  arc  lamps  for.  §36.  p4. 
Sulphating.  §27,  p44. 
Supporting  cells.  Method  of,  §27,  p30. 

tantalum  filaments.  Methods  of,  §65,  p6. 


Supporting — (Continued) 

wire.  Fittings  for.  §43.  p37. 
Switch.  (Consumer's,  §27.  p49. 

Cutter.  §27,  p52. 

Location  of  main,  §44,  p34. 

Two-point,  §46,  p40. 
Switchboard,  Carrier-bus.  §36,  p39. 

General  Electric,  §35.  p46. 

with  cable.  Simple,  §36.  p33. 

without  cables,  §36,  p37. 
Switchboards,  Arc-light.  §36,  p32. 

Construction  and  operation  of  arc,  §36,  p33. 

for  alternating-current  series  s>'stems,  §35. 
p46. 

Western    Electric  altemating-ctirrent  arc, 
§36,  p49. 
Switches,  §44,  p38. 

ajid  cut-outs,  §43  p23. 

Cut-out,  §35,  p8. 

cut-outs,  circuit-breakers,  etc.,  Rtdes  for 
§43,  p24. 

Electrolier,  §44  p41. 

End-ceU,  §27,  p64. 

Rules  relating  to,  §43,  p29. 

Snap.  §44.  p41. 

Time,  §56,  pl7. 
Systems  of  distribution,  §33,  pi. 


Table  of  capacity  of  wires  for  marine  work, 

§44.  p67. 
of  carrying  capacity  of  insulated  wires,  §43. 

pl4. 
of  current  allowance  per  larnp.  §33.  p51 . 
of  current  required  by  motors,  §45,  pi  8. 
of  data  on  enclosed-arc  lamps,  §34,  p25. 
of  diameters  of  wires  of  various  materials 

that  will  \}e  fused  by  a  current  of  given 

strength,  §57,  p4. 
of  dimensions  of  bare  copper  wire,  B.  &  S. 

gauge,  §43.  pi 6. 
of  efficiency  of  transformers,  §33.  p50. 
of  equiN'alent  cross-section  of  wires.   §44, 

pl5. 
of  general  data  on  chloride  accumulators, 

§27.  p84. 
of  pipe-thawing  data,  §67.  pll. 
of  power  consumption  of  arc  lamps,  §34. 

p24. 
of    power    consumption    of    incandescent 

lamps.  §43,  p43. 
of  power  required  for  electric  welding,  §57. 

pl6. 
of  resistance    of    pure    copper   wire,    §43, 

p49. 
of  watts  per  square  foot  for  interior  arc 

lighting,  §34,  p26. 
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Tables  of  heatini?  effects  of  currents,   §57, 

pp2,  3. 
Talking  clock,  556,  p27 

signs.  §56.  p21. 

signs.  Operation  of,  §56,  p21. 
Tantalum  filaments.  Characteristics  of,  §55, 
P7. 

filaments.  Methods  of  supporting,  §55,  p6. 

lamps,  §55,  p6. 
Temperature  coefficient  of  a  lamp,  Negative, 
§55,  p3.  • 

of  a  lamp,  §32.  p24. 

of  incandescent  lamps,  §55,  pl5. 
Test,  Cadmium,  §27,  p43. 

for  transformers.  Load,  §33,  p59. 

Insulation,  §33,  p53. 

of  insulation  resistance,  §44,  p64. 
Testing  arc-light  lines,  §35,  plO. 

lamps.  Connections  for,  §3?.  p25. 

Transformer,  §33.  p52. 
Tests  of  arc  lamps,  Comparative,  §55,  p58. 

of  Tungsten  lamps,  §55,  pl3. 

of  wiring,  §44,  p62. 
Thawing  data  for  pipes,  §57.  plO. 

frozen  water  pipes,  §67,  plO. 

transformers,  §57,  pl2. 

transformers.  Connections  of,  §57,  pi 2 
Theater  wiring,  §45,  p4. 
Theory  of  flaming-arc  lamps,  §55,  p48. 

of  Moore  Ught,  §55,  p39. 
Thermal  sign  flashers,  §56,  pi 2. 
Thermoblink,  §56,  plO. 
Thermostats  for  sign  lamps,  §56,  pll. 

for  signs,  §56,  plO. 
Thomson-Houston  base,  §32.  plO. 

-Houston  lamp,  §34,  p45, 

protective  devices,  §33,  p29 

welding  process,  §57,  pl3. 
Three- wire  branch  block,  §43,  p46. 

-wire  main  block.  §43,  p45. 

-wire  system,  §33.  p8. 

-wire  system,  Edison,  §43,  p20. 

-wire  system.  Size  of  wire  for.  §43,  p58. 

-wire  system.  Unbalancing  of,  §43,  p58. 

-wire  systems,  Special,  §33,  p8. 
Time  switches.  §56.  pi 7. 
Transfer  board,  §35.  p46. 
Transformer,  Constant-current,  §33,  p40. 

Impedance  volts  of,  §33.  p59. 

installation.  Rules  relating  to.  §45.  pi 2. 

Insulation  test  of,  §33,  p53. 

Measurement  of  copper  losses  of.  §33.  p58. 

Measurement  of  core  losses  of,  §33,  p55. 

Measurement  of  impedance  of,  §33,  p58. 

testing,  §33,  p52. 

Welding,  §57,  pl5. 
Transformers,  §46,  pi  2. 


Transformers — (Continued) 

Load  test  of,  §33.  p59. 

Regulation  of,  §33,  p6l. 

Thawing,  §57,  pl2. 
Transparent  signs,  §56,  p2. 
Tree  system  of  wiring,  §43,  p32. 
Trimmer's  rope,  §35,  p7. 
Trimming  enclosed-arc  lamps,  §34,  p67. 

of  arc  lamps,  §34,  p64. 
Tube  lighting,  §55,  p27. 

Porcelain,  §43,  p37. 
Tubulation  of  bulb,  §32,  p8. 
Tungsten  lamp  tests,  §55,  pi  6. 

lamps,  §55,  pl3. 

lamps.  Operation  of.  §55,  pl3. 
Turnip  sign  lamps,  §56,  pl2. 
Two-point  switch,  §45,  p40. 
Two-wire  and  three-wire  direct-current  sys- 
tems. §33,  p44. 

-wire  double  branch  block,  §43,  p45. 

-wire  panel  board.  Form  of   §44.  p29. 

-wire  system.  §43,  pi 9. 

-wire  system.  Simple,  §33,  p6. 

U 

Unbalancing  of  three-wire  systems,  §43,  xi58. 
Underground  conductors,  §43.  pl3. 
Underwriters'  test  for  wiring.  §44,  p63. 
Uniform  drop  in  feeder  lines,  §44,  pi. 
Unit,  Amyl-acetate,  §32.  pl3. 

British  thermal,  §32,  p33. 

Hefner,  §32,  pi 3. 


Vacuum  regulator  for  Moore  lamp,  §56,  p4l. 
Voltage  and  current  of  lamp.  §34.  p9. 

at  end  of  charge.  §27,  p38. 

of  incandescent  lamp,  §32,  p32. 

of  the  arc,  §34.  p4. 

regulation,  §.33,  pi 2. 

required  by  enclosed-arc  series  lamps,  §34. 
p48. 

W 

Water  heating,  §57,  p23. 

Waterproof  globe,  §44,  pl8. 

Watt-hour  efficiency,  §27,  pi 2. 

Watts  per  square  foot  for  interior  arc  lighting. 

§34.  p26. 
Weather-proof  wire,  Slow-burning,  §43.  p34. 
Welding.  §55.  pl3. 

Advantages  of  electric,  §57,  pi 7. 

Hoho  process  of,  §57,  pl9. 

of  rails.  §57,  pi 7. 

Power  required  for  electric,  §57,  ppl6,  17. 

process,  Thomson,  §57   pl3. 

transformer,  §57,  pi  5. 
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Western  Electric  closed-coil  machines.  f35. 
p22. 

Electric     constant-potential     lamp.     fi84, 
pp55.  57. 

Electric  lamp,  §34,  p52. 

Electric  plug  and  jack,  (35,  p37. 
Westinghouse.    or    Sawyer-Man.   base,    §32, 

pll. 
Willard  automobile  battery,  (27,  p24. 

storage  battery.  §27.  p22. 
Wire,  Carrying  capacity  of  galvaniced-iron, 
§57.  p6. 

Carrying  capacity  of  German-silver,  §57, 
P5. 

Carrying  capacity  of  tinned-iron,  §57,  p7. 
Wire,  Determining  sizes  of,  according  to  cur- 
rent capacity,  §43,  p46. 

for  a  given  loss,  Calctilating  proper  siase  of, 
§43,  p53. 

for  arc  lights.  Size  of,  §43,  p62. 

for  lighting  work.  Size  of,  §35,  pi . 

for  three- wire  system,  Size  of,  §43,  p68. 

Formulas  for  resistance  of  §44,  p6. 

gauges,  §43,  pl5. 

required.  Calculating  sizes  of,  §44,  pi. 

Resistance  of  pure  copper.  §43,  p49. 

Rubber-covered.  §43.  p34. 

Running  bell.  §45,  p28. 

sizes  in  terms  of  resistance  per  1,000  feet. 
§44.  p3. 

Slow-burning  weather-proof,  §43,  p34. 

used  in  conduits.  §44,  p56. 
Wires,  Carrying  capacities  of.  §43.  pl3. 

Carrying  capacity  of  insulated,  §43,  pi 4. 

Diameters  of,  that  will  be  fused  by  a  cur- 
rent of  given  strength.  §57,  p4. 

Equivalent  cross-section  of.  §44,  pl5. 

for  alternating  current,  §44,  p8. 

for  concealed   knob-and-tube   woric,   §44, 
p22. 

for  conduit  in  marine  work,  §44,  p06. 

for  high- potential  systems,  §46,  pll. 

for  marine  work.  Capacity  of,  §44,  p67. 

for  molding  in  marine  work,  §44,  p66. 

for  molding  work,  §44,  p61. 

for  open  work.  Rules  relating  to,  §43,  p33. 

General  rules  for,  §43,  pi 7. 

Graphic  method  of  calculation  of,  §44,  plO, 

in  marine  work,  Rules  for,  §44,  p65. 

in  parallel,  Calculations  of,  §44,  pl6. 

in  terms  of  circular  mils,  §44,  p5. 

Joints  of,  §43,  pll. 


Wires — (Contintied) 

Leading-in,  §32.  p7. 

Rules  for  §44,  pl7. 

Rules  relating  to,  §43.  pl2. 

Soldering  fluid  for  joints  of,  §43,  pll. 
Wiring  a  dwelling  house,  §44,  p29. 

BeU.  §45.  p20. 

BeU.  for  flats,  §45.  p36. 

Concealed.  §44.  pi 9. 

Conduit,  §44,  p4iB. 

Drop  in  arc-light,  §43,  p51. 

estimates,  §44,  p69. 

Fires  caused  by  electric,  §43,  p2. 

Fittings  used  for  exposed,  §43,  p36. 

for  a  uniform  drop,  §43,  p47. 

for  arc  lamps,  §45,  pl3. 

for  constant-current  arc  lamps.  §46    pl4. 

for  constant-potential  arc  lamps.  §45,  pl3. 

for  electric  motors,  §45,  pi  7. 

for  elevator  annunciator,  §45,  pS8. 

for  fire-alarm  gongs.  §45.  p36. 

for  incandescent  lamps  on  series  circuit. 
§45,  pl6. 

for  low-potential  systems.  §43,  pi 6. 

for  return -call  annunciator,  §45,  p32 

for  simple  annunciator,  §46,  p3l. 

for  speaking-tube  system,  §45,  p35. 

for  special  purposes.  §46.  p5. 

for  110  volt8»  2-per-cent.  drop,  §43.  p63. 

for  220  volts,  3-per-cent.  drop.  §43,  p54. 

General  rules  for.  §43,  plO. 

in  damp  places.  §44.  pl7. 

in  marme  work.  §44.  p65. 

Interior,  §43,  pi;  §44.  pi;  §45  pi. 

Selection  of  fittings  for  220-volt,  §43.  p57. 

Simple  example  of,  §43,  p32. 

Special  appliances  for,  §46,  p38. 

Specifications  for  concealed  electric-light. 
§44,  p36. 

systems.  Combining  several,  §45,  pi. 

Systems  of  distribution  for  interior,  §43, 
pl9. 

table  giving  distances  for  drop  of  I  volt. 
§44,  p4. 

Ubles,  §44.  p8. 

Tests  of,  §44,  p62. 

Theater,  §45,  p4. 

Tree  system  of.  §43,  p82. 
Wolfram  lamps,  §55,  pi 3. 
Wood  arc  dynamo,  §35,  p22. 
Wooden  moldings,  §44.  pOO. 
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